
FINAL 

  

 

 

Coal Combustion Waste Impoundment  

Round 7 - Dam Assessment Report 
 

Riverside Generating Station 

Ash Ponds 

MidAmerican Energy Company 

Bettendorf, Iowa 
  

 

 

 

 

 

Prepared for: 
 

United States Environmental Protection Agency 
Office of Resource Conservation and Recovery 

 

 

Prepared by: 
 

Dewberry & Davis, LLC 
Fairfax, Virginia 

 

 

 

 

 

 

 

 
 

Under Contract Number: EP-09W001727 
June 2011

 

 



FINAL 

Riverside Generating Station   ii 

MidAmerican Energy Company Coal Combustion Waste Impoundment  

Bettendorf, Iowa Dam Assessment Report 

INTRODUCTION, SUMMARY CONCLUSIONS AND RECOMMENDATIONS 

 

The release of over five million cubic yards of coal combustion waste from the Tennessee Valley 
Authority’s Kingston, Tennessee facility in December 2008 flooded more than 300 acres of land, 
damaging homes and property.  In response the U.S. EPA is assessing the stability and 
functionality of the coal combustion ash impoundments and other management units across the 
country and, as necessary, identifying any needed corrective measures. 
 
This assessment of the stability and functionality of the Riverside Generating Station Ash Pond 
management units is based on a review of available documents and on the site assessment 
conducted by Dewberry personnel on Tuesday, September 14, 2010.  
 
The Riverside Generating Station South Ash Pond management unit is POOR for continued safe 
and reliable operation.  The South Ash Pond is does not meet minimum Factors of Safety for 
static steady-state seepage conditions. MidAmerican Energy Company has developed plans to 
reconstruct the South Ash Pond dam to meet minimum required Factors of Safety. Given the 
intention of MEC to take immediate action leads the engineers to the Poor rating (rather than 
Unsatisfactory).   
 
The North Ash Pond (currently inactive) is SATISFACTORY for continued safe and reliable 
operation, based on photo documentation that the downstream slopes have been cleared of dense 
vegetation.   
 

PURPOSE AND SCOPE 

 
The U.S. Environmental Protection Agency (EPA) is embarking on an initiative to investigate 
the potential for catastrophic failure of Coal Combustion Surface Impoundments (i.e., 
management units) from occurring at electric utilities in an effort to protect lives and property 
from the consequences of a dam failure or the improper release of impounded slurry.  The EPA 
initiative is intended to identify conditions that may adversely affect the structural stability and 
functionality of a management unit and its appurtenant structures (if present); to note the extent 
of deterioration (if present), status of maintenance and/or a need for immediate repair; to 
evaluate conformity with current design and construction practices; and to determine the hazard 
potential classification for units not currently classified by the management unit owner or by 
a state or federal agency.  The initiative will address management units that are classified as 
having a Less-than-Low, Low, Significant or High Hazard Potential ranking.  (For Classification, 
see pp. 3-8 of the 2004 Federal Guidelines for Dam Safety.) 
 
In early 2009, the EPA sent its first wave of letters to coal-fired electric utilities seeking 
information on the safety of surface impoundments and similar facilities that receive liquid-borne 
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material that store or dispose of coal combustion waste.  This letter was issued under the 
authority of the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) Section 104(e), to assist the Agency in assessing the structural stability and 
functionality of such management units, including which facilities should be visited to perform a 
safety assessment of the berms, dikes, and dams used in the construction of these impoundments. 
 
EPA requested that utility companies identify all management units including surface 
impoundments or similar diked or bermed management units or management units designated as 
landfills that receive liquid-borne material used for the storage or disposal of residuals or 
by-products from the combustion of coal, including, but not limited to, fly ash, bottom ash, boiler 
slag, or flue gas emission control residuals.  Utility companies provided information on the size, 
design, age and the amount of material placed in the units.  The EPA used the information 
received from the utilities to determine preliminarily which management units had or potentially 
could have High Hazard Potential ranking. 
 
The purpose of this report is to evaluate the condition and potential of waste release from 

management units for hazard potential classification.  This evaluation included a site visit.  
Prior to conducting the site visit, a two-person team reviewed the information submitted to EPA, 
reviewed any relevant publicly available information from state or federal agencies regarding the 
unit hazard potential classification (if any) and accepted information provided via telephone 
communication with the management unit owner.  Also, after the field visit Dewberry & Davis 
LLC received additional information and studies about the Riverside Ash Pond Dams that were 
reviewed and used in preparation of this report. 
 

Factors considered in determining the hazard potential classification of the management unit(s) 
included the age and size of the impoundment, the quantity of coal combustion residuals or 
by-products that were stored or disposed of in these impoundments, its past operating history, 
and its geographic location relative to down gradient population centers and/or sensitive 
environmental systems.   
 
This report presents the opinion of the assessment team as to the potential of catastrophic failure 
and reports on the condition of the management unit(s).   
 

LIMITATIONS 
The assessment of dam safety reported herein is based on field observations and review of 
readily available information provided by the owner/operator of the subject coal combustion 
waste management unit(s).  Qualified Dewberry engineering personnel performed the field 
observations and review and made the assessment in conformance with the required scope of 
work and in accordance with reasonable and acceptable engineering practices.  No other 
warranty, either written or implied, is made with regard to our assessment of dam safety. 
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1.0 CONCLUSIONS AND RECOMMENDATIONS 

 

1.1 CONCLUSIONS 

Conclusions are based on visual observations from a one-day site visit on Tuesday, 
September 14, 2010, and review of technical documentation provided by 
MidAmerican Energy Company (MidAmerican). 

1.1.1 Conclusions Regarding the Structural Soundness of the Management 
Unit(s) 

The structural stability of the North Ash Pond appeared satisfactory at the 
time of the site visit.  However, this could change due to continued 
degradation if the utility does not maintain the management unit properly.  
Subsequent to the site visit, MidAmerican performed the recommended 
vegetation removal and completed maintenance.  The North Ash Pond is 
inactive and receives no coal combustion wastes.  

The South Ash Pond does not meet minimum safety factors against failure 
under static steady-state seepage conditions (i.e., values range 1.25 – 1.32 
factors of safety).  

1.1.2 Conclusions Regarding the Hydrologic/Hydraulic Safety of the 
Management Unit(s) 

Adequate capacity and freeboard exist to safely pass the design storm. 

1.1.3 Conclusions Regarding the Adequacy of Supporting Technical 
Documentation 

Supporting technical documentation is adequate. 

1.1.4 Conclusions Regarding the Description of the Management Unit(s) 

Descriptions provided are appropriate. 

1.1.5 Conclusions Regarding the Field Observations 

The field assessment of the North Ash Pond embankment system was that 
it was in an unsatisfactory condition due to the presence of thick woody-
stemmed vegetation, dense brush and trees covering the upstream and 
downstream slope, preventing a thorough visual observation.  Subsequent 
to the site visit, MidAmerican has photo documented that much of the 
woody-stemmed vegetation, dense brush and trees have been removed, 
which will now allow for a thorough visual observation of the 
embankment. 

The visual assessment of the South Ash Pond embankment system was 
that it was in satisfactory condition and no significant findings were noted. 
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1.1.6 Conclusions Regarding the Adequacy of Maintenance and Methods of 
Operation 

Maintenance and methods of operation are adequate for the South Ash 
Pond.  Maintenance of the North Ash Pond was inadequate at the time of 
the site visit; however, MidAmerican has photo documented that much of 
the woody-stemmed vegetation, dense brush and trees have been removed. 

1.1.7 Conclusions Regarding the Adequacy of the Surveillance and Monitoring 
Program 

Existing surveillance and monitoring programs are adequate. 

1.1.8 Classification Regarding Suitability for Continued Safe and Reliable 
Operation 

The inactive North Ash Pond facility is Satisfactory for continued safe 

and reliable operation.   

The South Ash Pond facility is Poor for continued safe and reliable 

operation.  The South Ash Pond does not meet minimum factors of safety 
under static steady-state seepage conditions. MEC has stated its intention 
to perform geotechnical studies of the South Ash Pond embankment and 
to reconstruct the embankment to meet or exceed the required minimum 
Factor of Safety standards (Appendix A, Doc 13).  

1.2 RECOMMENDATIONS 

1.2.1 Recommendations Regarding the Structural Stability 

None appear warranted for the North Ash Pond. 

Corrective measures should be implemented to improve the stability of the 
South Ash Pond in order to meet required safety standards for dams.  
MEC is aware of the deficiency and is preparing and intends to implement 
plans to address this concern.  USEPA has requested that MEC document 
their plans for the improvement.  

1.2.2 Recommendations Regarding the Maintenance and Methods of Operation 

Maintenance should be performed on the North Ash Pond embankments 
consisting of the removal of thick woody-stemmed vegetation, dense 
brush and trees covering the upstream and downstream slope and 
establishing a grassed condition.  Photo documentation has been provided 
by MidAmerican (see Appendix A, Doc 13), subsequent to the site visit, 
that indicate that this maintenance has been performed. 
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1.2.3 Recommendations Regarding the Field Observations 

A thorough visual observation should be made of the North Ash Pond 
embankments by the State of Iowa now that MidAmerican has removed 
thick woody-stemmed vegetation, dense brush and trees covering the 
upstream and downstream slopes. 

1.2.4 Recommendations Regarding Continued Safe and Reliable Operation 

The North Ash Pond is recommended to be deactivated as it no longer 
receives coal combustion wastes.   

The South Ash Pond needs immediate remedial action to improve the 

factors of safety against slope instability.  

1.3 PARTICIPANTS AND ACKNOWLEDGEMENT 

1.3.1 List of Participants 

Joe Bannon, MidAmerican 
Danielle Leslie, Riverside Generating Station 
David Webb, Riverside Generating Station 
Doug Haiston, Riverside Generating Station 
Carl Upmeyer, Riverside Generating Station 
Mike McLaren, Dewberry 
Frederic Shmurak, Dewberry 

1.3.2 Acknowledgement and Signature 

We acknowledge that the Riverside Generating Plant management units 
referenced herein were assessed on September 14, 2010. 

 

 

             
Michael McLaren, P.E.    Frederic Shmurak, P.E. 
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2.0 DESCRIPTION OF THE COAL COMBUSTION WASTE MANAGEMENT 

UNIT(S) 

 

2.1 LOCATION AND GENERAL DESCRIPTION 

The Riverside Generating Plant and ash ponds are located east of the intersections 
of US Highway 67 and Fenno Road in Bettendorf, Iowa along the west bank of the 
Mississippi River.  Figure 2.1a shows the location of the Riverside Generating Plant 
within the State of Iowa, while Figure 2.1b depicts an aerial view of the Riverside 
Generating Plant Facility. 

 
Figure 2.1a: Riverside Generating Plant Location Map. 
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Figure 2.1b: Riverside Generating Plant Aerial Photograph. 

Table 2.1 provides data on the size and dimensions of the two coal combustion 
waste management units. 

Table 2.1: Summary of Dam Dimensions and Size 

  North Ash Pond South Ash Pond 

Dam Height (ft) 12 15 
Crest Width (ft) 12 12 
Length (ft) 3,375 4,275 
Side Slopes (upstream) H:V 2.5:1 2:1 
Side Slopes (downstream) H:V 2.5:1 2:1 

 

2.2 SIZE AND HAZARD CLASSIFICATION 

The North and South ash ponds are impounded by earthen embankment systems 
consisting of a combination of an incised and diked configuration.  Based on data 
provided by MidAmerican Energy Company (MEC), the North and South ash pond 
embankment systems are constructed to a maximum height of 12 and 15 feet, 
respectively.  Side slopes for the North Ash Pond are 2.5(H):1(V) and the South 

South Ash Pond 

Mississippi River 

Riverside 
Generating Plant 

North Ash Pond 
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Ash Pond side slopes are 2(H):1(V); crest widths are approximately 12 feet for both 
ponds.  The maximum storage volume corresponding to the top of the embankment 
is 84 acre-feet for the North Ash Pond and 140 acre-feet for the South Ash Pond.  
The classification for size, based on the height of the dams and storage capacities, is 
Small in accordance with the USACE Recommended Guidelines for Safety 
Inspection of Dams ER 1110-2-106 criteria (see Table 2.2a for size classification 
criteria). 

Table 2.2a: USACE ER 1110-2-106 

Size Classification 

Category 

Impoundment 

Storage (Ac-ft) Height (ft) 

Small 50 and < 1,000 25 and < 40 
Intermediate 1,000 and < 50,000 40 and < 100 
Large > 50,000 > 100 

 
No information on the Hazard Classification was provided, but based on 
observations; a classification of Low appears to be appropriate.  Per the Federal 
Guidelines for Dam Safety dated April 2004, a Low Hazard Potential classification 
applies to those dams where failure or mis-operation results in no probable loss of 
human life and low economic and/or environmental losses.  Considering the low 
probability of loss of life should the fly ash dam system fail, as well as the relatively 
small impoundment size of the facilities, a Federal Hazard Classification of Low 
appears to be appropriate for this facility (see Table 2.2b for Hazard classification 
criteria). 
 

Table 2.2b: FEMA Federal Guidelines for Dam Safety 

Hazard Classification 

 Loss of Human Life Economic, Environmental, 

Lifeline Losses 

Low None Expected Low and generally limited to owner 
Significant None Expected Yes 
High Probable.  One or more 

expected 
Yes (but not necessary for 
classification) 

 
2.3 AMOUNT AND TYPE OF RESIDUALS CURRENTLY CONTAINED IN THE 

UNIT(S) AND MAXIMUM CAPACITY 
Per MidAmerican, the North Ash Pond solids consist of 5-percent fly ash, 90-
percent bottom ash and boiler slag, and 5-percent construction and demolition 
rubble, as well as excess stormwater runoff from the facility coal pile.  The North 
Ash Pond is no longer active and has not received coal combustion waste materials 
since 2001.  The drainage area is assumed to be the surface area of the pond.  The 
maximum design storage capacity is approximately 135,000 cubic yards (see Table 
2.3). 
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South Ash Pond solids consist of 5-percent fly ash, coal pyrites and economizer 
ash; and 95-percent bottom ash and boiler slag, as well as excess stormwater runoff 
from the facility and plant service wastewater.  The drainage area is assumed to be 
the surface area of the pond.  The maximum design storage capacity is 
approximately 226,000 cubic yards (see Table 2.3). 

Table 2.3: Maximum Capacity of Unit 

 North Ash Pond South Ash Pond 

Surface Area (acre)
 14.1 12 

Total Storage Capacity (acre-feet) 84 140 
Total Storage Capacity (cubic 

yards)
 

135,000 226,000 

Coal Combustion Residue Stored 

(cubic yards)
 

81,000 176,000 

Crest Elevation (feet) 577 576 
Normal Pond Level (feet) None1 571 

1.  The North Ash Pond is no longer in use and does not maintain a normal pool. 

 

2.4 PRINCIPAL PROJECT STRUCTURES 

2.4.1 Earth Embankment 

MidAmerican personnel provided geotechnical reports and boring logs 
that identified subsurface data.  Based on the boring logs, it appears the 
North Ash Pond and South Ash Pond consist of strata of loose silts, sands 
(including ash) and soft clay soils. 

2.4.2 Outlet Structures 

The North Ash Pond does not have an outlet structure nor does it maintain 
a normal pool.  Rainfall in the impoundment area generally evaporates 
and/or percolates into the soil. 

The South Ash Pond contains a 15-inch diameter welded steel decant pipe 
system that serves as the principal outlet and a secondary 15-inch diameter 
welded steel overflow pipe.  The principal outlet pipe was flowing at the 
time of the site visit; the secondary outlet was above the normal pool and 
dry.  Both outlets discharge into a small channel which empties directly 
into the Mississippi River. 

2.5 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT 

All critical infrastructures were located using aerial photography and might not 
accurately represent what currently exists down-gradient of the site.  Not all critical 
infrastructures are labeled for clarity purposes.  Figure 2.5 shows the Riverside 
Generating Plant and associated critical infrastructure, listed in Table 2.5. 
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Figure 2.5: Critical Infrastructure Map. 

 

 Table 2.5: Critical Infrastructure within 5 Miles Down gradient of Facility 

Schools Miscellaneous 
Eagle Ridge School 
2002 Eagle Ridge Drive 
Silvis, IL 61282-1779 Restaurants 
Wells Elementary School 
490 Avenue of the Cities 
East Moline, Illinois 61244 Places of Worship 
Glenview Middle School 
3210 7th St 
East Moline, IL 61244 Business 
Our Lady of Grace 
602 17th Avenue 
East Moline, IL 61244-2027 Residences 
Black Hawk Area Special Education 
4670 11th Street 
East Moline, IL 61244-4432 Rock Island Arsenal 

file:///C:\maps\place%3fcid=14819747445513536986&hl=en&ved=0CAkQ2QY&sa=X&ei=8TGeTLQIlM7MBbn6rOQN
file:///C:\maps\place
file:///C:\maps\place%3fcid=8391409477461966111&hl=en&ved=0CAkQ2QY&sa=X&ei=OjKeTN7gFY-GzgSWw5jXDw
file:///C:\maps\place%3fcid=15091062500460373048&hl=en&ved=0CA4Q2QY&sa=X&ei=STKeTIGZO6X8yAWyzPG0AQ
file:///C:\maps\place%3fcid=3484210630627179651&hl=en&ved=0CAgQ2QY&sa=X&ei=YTKeTMy5HpCeygSxho3fDQ
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 Table 2.5: Critical Infrastructure within 5 Miles Down gradient of Facility 

Hampton Elementary School 
206 5th Street 
Hampton, IL 61256-9662 Nursing Homes 
Pleasant View Elementary School 
6333 Crow Creek Rd 
Bettendorf, IA 52722-6518 

Trinity Medical Center at Terrace Park 
4500 Utica Ridge Road 
Bettendorf, IA 52722 

 United Township High School 
1275 Avenue of the Cities 
East Moline, IL 61244-4100 

 Genesis Physical Occupational & Speech 
Therapy Outpatient 
2300 53rd Avenue 
Bettendorf, IA 52722-7564 

Blackhawk Phoenix Program 
103 3rd Street 
Carbon Cliff, IL 61239-7711 

Rick's House of Hope 
4867 Forest Grove Road 
Bettendorf, Iowa 52722 

Bowlesburg School 
2221 10th Street 
Silvis, IL 61282-2098 Transportation 
 Black Hawk Area Special Ed 
4670 11th Street 
East Moline, IL 61244-4432 Interstate I-74 
East Moline Christian School 
900 46th Avenue 
East Moline, IL 61244-4406 John Deere Expressway (Hwy 5) 
Black Hawk College 
301 Avenue of the Cities 
East Moline, IL 61244-4038 Highway 92 
Villa Montessori School 
2100 48th Street 
Moline, IL 61265 Highway 84 
 Moline High School 
3600 23rd Avenue 
Moline, Illinois 61265 Fire Stations 
Roosevelt Elementary School 
3530 Avenue of the Cities 
Moline, IL 61265-4495 

East Moline Fire Department 
1523 Morton Drive 
East Moline, IL 61244-1616 

Temple Christian School 
2305 7th Avenue 
Moline, IL 61265-1546 

Carbon Cliff Volunteer Fire Department 
Fire Department Non-Emergency 
305 2nd Avenue 
Carbon Cliff, IL 61239 

Seton Catholic School 
1320 16th Avenue 
Moline, IL 61265-3081 

  

MidAmerican reports that “it should be recognized that the vast majority of these 
critical structures are at a relatively high elevation and would not be impacted by 
any potential breach of the surface impoundment levee system.”  Furthermore, the 
small size of the impoundment, in comparison to the Mississippi River located 
immediately downstream, would limit potential damage resulting from a dam 
breach.

file:///C:\maps\place%3fcid=9170961036413630140&hl=en&ved=0CAgQ2QY&sa=X&ei=cjKeTN_DIKjoyASI4MSkDw
file:///C:\maps\place%3fcid=5066399523244160263&hl=en&ved=0CAoQ2QY&sa=X&ei=hTKeTKuHDpeGygWA0OGfDw
file:///C:\maps\place%3fcid=6466731111555345260&hl=en&ved=0CAgQ2QY&sa=X&ei=nzWeTI3NNKO0yAS2-7DODg
file:///C:\maps\place%3fcid=5600972637365175025&hl=en&ved=0CAcQ2QY&sa=X&ei=JzWeTNWFMJ6MygSBgsH_Bg
file:///C:\maps\place
file:///C:\maps\place
file:///C:\maps\place%3fcid=7838144497035996586&hl=en&ved=0CAgQ2QY&sa=X&ei=TTWeTMf4AZuuzAT0p-ijDg
file:///C:\maps\place%3fcid=4694151510683812921&hl=en&ved=0CAgQ2QY&sa=X&ei=vTWeTPXuJZCeygSD3pDNDQ
file:///C:\maps\place%3fcid=2743228707719435943&hl=en&ved=0CAkQ2QY&sa=X&ei=mjKeTMyvNaqwywTs_rGWDQ
file:///C:\maps\place%3fcid=3484210630627179651&hl=en&ved=0CAgQ2QY&sa=X&ei=sDKeTIWIC4jeyAXD-MH6Dg
file:///C:\maps\place%3fcid=10985068205794698624&hl=en&ved=0CAkQ2QY&sa=X&ei=wDKeTMLaC6K-yQWrw6z1Dg
file:///C:\maps\place%3fcid=735682303264324776&hl=en&ved=0CAgQ2QY&sa=X&ei=zTKeTMagNoaGzAXRm5yHDw
file:///C:\maps\place%3fcid=2084618585681379030&hl=en&ved=0CA8Q2QY&sa=X&ei=2TKeTM-YFKO0yATG7uDHDg
file:///C:\maps\place%3fcid=11855681005239432349&hl=en&ved=0CAoQ2QY&sa=X&ei=6jKeTO7uE6T6yAX4nZCpDA
file:///C:\maps\place%3fcid=8621527232428676941&hl=en&ved=0CAkQ2QY&sa=X&ei=BDOeTKTBHZHoygSK5MzaBg
file:///C:\maps\place%3fcid=10129348067233470253&hl=en&ved=0CAgQ2QY&sa=X&ei=zDWeTNuSMYGayQWCm6nfCA
file:///C:\maps\place%3fcid=18425980815294385770&hl=en&ved=0CA4Q2QY&sa=X&ei=FjOeTMeoLJmSyQX6p7mgAQ
file:///C:\maps\place%3fcid=17580381404118311937&hl=en&ved=0CAcQ2QY&sa=X&ei=9zWeTPOJL5DuzAWMpYA4
file:///C:\maps\place%3fcid=17580381404118311937&hl=en&ved=0CAcQ2QY&sa=X&ei=9zWeTPOJL5DuzAWMpYA4
file:///C:\maps\place%3fcid=4658019373207960125&hl=en&ved=0CA4Q2QY&sa=X&ei=IjOeTOiPKKqwywTUnJSjDQ


FINAL 

Riverside Generating Station 3-1 

MidAmerican Energy Company Coal Combustion Waste Impoundment  

Bettendorf, Iowa Dam Assessment Report  

3.0 SUMMARY OF RELEVANT REPORTS, PERMITS, AND INCIDENTS 

 

No reports on the safety of the management units were provided. 

3.1 SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL 
PERMITS. 

The North Ash Pond is inactive, no longer receives coal combustion wastes, and is 
not permitted.  The South Ash Pond facility is under regulation by the Iowa 
Department of Natural Resources.  The discharge from the South Ash Pond is 
permitted under the Federal National Pollutant Discharge Elimination System 
Program (Permit # IA0003611). 

3.2 SUMMARY OF SPILL/RELEASE INCIDENTS 

No spills or releases from the Ash Pond facilities have been noted by MEC for this 
site. 
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4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION 

 

4.1 SUMMARY OF CONSTRUCTION HISTORY 

4.1.1 Original Construction 

Original construction of the ash pond facilities appears to be circa 1967 
based on Riverside South Fence and Ash Fill Area drawings prepared by 
Iowa-Illinois Gas and Electric Company, dated 27 March 1967. 

4.1.2 Significant Changes/Modifications in Design since Original Construction 

No significant changes have been made to the North Ash Pond.  The South 
Ash Pond embankment was originally constructed to a crest elevation of 
563.4 ft msl; raised 2 feet in 1970 (to crest elevation 565.4 ft, msl); and 
finally in 1976 to a crest elevation between 576 and 580 ft msl.   

4.1.3 Significant Repairs/Rehabilitation since Original Construction 

No significant changes have been made to the North Ash Pond.  In 2001, 
following damage due to Mississippi River flooding, the South Ash Pond 
embankment crest was broadened to 12 feet and the downstream slope 
was flattened to the current 2H:1V inclination and rock rip-rap was added 
to the downstream slope. 

MEC plans to modify the South Ash Pond embankments to meet 
minimum Factors of Safety per the June 3, 2011 report (Appendix A – 
Doc 13). 

4.2 SUMMARY OF OPERATIONAL PROCEDURES 

4.2.1 Original Operational Procedures 

The ash ponds were designed and operated for reservoir sedimentation and 
sediment storage of fly ash and bottom ash.  The North Ash Pond accepts 
only stormwater from the coal pile and there is no discharge.  The South 
Ash Pond accepts process wastewater, coal combustion waste, coal pile 
stormwater runoff, and minimal stormwater runoff around the Ash Pond 
facility.  Inflow water is treated through gravity settling and deposition, 
and the treated process water and stormwater runoff are discharged 
through a decant pipe outlet structure to the Mississippi River.  These 
discharges are regulated through a permitted National Pollutant Discharge 
Elimination System outfall. 

4.2.2 Significant Changes in Operational Procedures Since Original Startup 

The North Ash Pond ceased receiving coal combustion wastes in 2001.   

No documentation was provided describing any significant changes in 
Operating Procedures for the South Ash Pond. 
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4.2.3 Current Operational Procedures 

The North Ash Pond is idle and continues to store previous sluiced coal 
ash.   

Original operational procedures continue to be in effect for the South Ash 
Pond based on observation and the documents provided. 

4.2.4 Other Notable Events since Original Startup 

No additional information was provided. 
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5.0 FIELD OBSERVATIONS 

 

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS 

Dewberry personnel Michael McLaren, P.E. and Frederic Shmurak, P.E. performed 
a site visit on September 14, 2010, with the participants listed in Section 1.3.1. 

The site visit began at 9:00 AM.  The weather was clear and warm.  Photographs 
were taken of conditions observed.  Selected photographs are included here for ease 
of visual reference.  All pictures were taken by Dewberry personnel during the site 
visit.  Please refer to the Dam Inspection Checklists in Appendix B for additional 
description of conditions onsite. 

The field assessment of the North Ash Pond embankment system was that it was in 
an unsatisfactory condition due to the presence of thick woody-stemmed vegetation, 
dense brush and trees covering the upstream and downstream slope, preventing a 
thorough visual observation.  Subsequent to the site visit, MidAmerican has photo 
documented that much of the woody-stemmed vegetation, dense brush and trees 
have been removed, which will now allow for a thorough visual observation of the 
embankment.  The overall visual assessment of the South Ash Pond embankment 
system was that it was in satisfactory condition, and no significant findings were 
observed. 

5.2 NORTH ASH POND 

5.2.1 Crest 

The crest had no signs of rutting, depressions, tension cracks or other 
indications of settlement or shear failure, and appeared to be in 
satisfactory condition.  See Figure 5.2.1. 
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Figure 5.2.1: Crest and Slope of North Ash Pond dike. 

 

5.2.2 Upstream/Inside Slope 

The upstream/inside slope of the North Ash Pond was covered by thick 
woody-stemmed vegetation, dense brush and trees; a thorough visual 
observation could not be performed (see Figure 5.2.2).  

 
 
Figure 5.2.2: Crest and Upstream/Inside Slope of North Ash Pond dike. 



FINAL 

Riverside Generating Station 5-3 

MidAmerican Energy Company Coal Combustion Waste Impoundment  

Bettendorf, Iowa Dam Assessment Report  

5.2.3 Downstream/Outside Slope and Toe 

The downstream/outside slope and toe of the North Ash Pond was covered 
by thick woody-stemmed vegetation, dense brush and trees; a thorough 
visual observation was unattainable.  Areas of rill and sheet erosion were 
visible (see Figure 5.2.3b).  

 

Figure 5.2.3a: Crest and Downstream/Outside Slope of North Ash Pond 

dike. 

 
Figure 5.2.3b: Erosion along Downstream/Outside Slope of North Ash Pond 

dike. 
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5.2.4 Abutments and Groin Areas 

The embankment consists of a raised dike system; therefore, the earthen 
embankment does not abut existing hillsides, rock outcrops or other raised 
topographic features. 

5.3 SOUTH ASH POND 

5.3.1 Crest 

The crest is covered by graded aggregate base material and had no signs of 
any rutting, depressions, tension cracks or other indications of settlement 
or shear failure, and appeared to be in satisfactory condition (Figure 
5.3.1). 

 
Figure 5.3.1: Crest and Upstream/Inside Slope of South Ash Pond dike. 

5.3.2 Upstream/Inside Slope 

The upstream slope of the separation dike is mostly lined with rip rap and 
stone (Figure 5.3.2).  Scarps, sloughs, depressions, bulging or other 
indications of slope instability or signs of erosion were not observed. 
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Figure 5.3.2: Upstream/Inside Slope of South Ash Pond dike. 

 

5.3.3 Downstream/Outside Slope and Toe 

The downstream slope is mostly lined with rip rap and stone (Figure 
5.3.3).  Scarps, sloughs, depressions, bulging or other indications of slope 
instability or signs of erosion were not observed.  The toe of this slope is 
below the normal water surface elevation of the Mississippi River; 
therefore, visual assessment of seepage could not be performed. 

 
Figure 5.3.3: Downstream/Outside Slope of South Ash Pond dike. 
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5.3.4 Abutments and Groin Areas 

The embankment consists of a raised dike system; therefore, the earthen 
embankment does not abut existing hillsides, rock outcrops or other raised 
topographic features. 

5.4 OUTLET STRUCTURES 

5.4.1 Overflow Structure 

The North Ash Pond does not contain an overflow structure (no normal 
pool is maintained).  The South Ash Pond is equipped with a 15-inch 
diameter welded steel overflow pipe system that was above the normal 
operating pool at the time of the site visit (Figure 5.4.1).  The visible 
portion of the overflow conduit had no apparent deterioration. 

 
Figure 5.4.1: Overflow Structure of South Ash Pond (note control valve for 

decant pipe system in foreground). 

5.4.2 Outlet Conduit 

The North Ash Pond does not contain an outlet structure (no normal pool 
is maintained).  The South Ash Pond is equipped with a regulated 15-inch 
diameter welded steel decant pipe that was flowing at the time of the site 
visit (Figure 5.4.2).  The visible portion of the outlet conduit had no 
apparent deterioration. 
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Figure 5.4.2: Outlet Conduit for South Ash Pond (note presence of overflow 

pipe outlet). 

5.4.3 Emergency Spillway 

No emergency spillway system is present at either the North Ash Pond or 
the South Ash Pond. 

5.4.4 Low Level Outlet 

No low level outlet system is present at either the North Ash Pond or the 
South Ash Pond. 
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6.0 HYDROLOGIC/HYDRAULIC SAFETY 

 

6.1 SUPPORTING TECHNICAL DOCUMENTATION 

6.1.1 Flood of Record 

No information was provided.  The North and South Ash Ponds are mostly 
diked embankment facilities having a contributing drainage area equal to 
the surface area of the impoundment; therefore, the impounded pool 
would not be anticipated to experience significant flood stages. 

6.1.2 Inflow Design Flood 

According to FEMA Federal Guidelines for Dam Safety, the current 
practice in the design of dams is to use the Inflow Design Flood (IDF) that 
is deemed appropriate for the hazard potential of the dam and reservoir, 
and to design spillways and outlet works that are capable of safely 
accommodating the flood flow without risking the loss of the dam or 
endangering areas downstream from the dam to flows greater than the 
inflow.  The recommended IDF or spillway design flood for a low hazard 
small-sized structure (See section 2.2), in accordance with the USACE 
Recommended Guidelines for Safety Inspection of Dams ER 1110-2-106 
criteria is the 50- to 100-yr frequency (See Table 6.1.2).  

TABLE 6.1.2: USACE HYDROLOGIC EVALUATION GUIDELINES 

RECOMMENDED SPILLWAY DESIGN FLOODS 

HAZARD SIZE 
SPILLWAY DESIGN 

FLOOD 

LOW 

SMALL 50 TO 100-YR 
FREQUENCY 

INTERMEDIATE 100-YR TO ½ PMF 
LARGE ½ PMF TO PMF 

SIGNIFICANT 

SMALL 100-YR TO ½ PMF 
INTERMEDIATE ½ PMF TO PMF 
LARGE PMF 

HIGH 

SMALL ½ PMF TO PMF 
INTERMEDIATE PMF 
LARGE PMF 

 

The Probable Maximum Precipitation (PMP) is defined by the American 
Meteorological Society as the theoretically greatest depth of precipitation 
for a given duration that is physically possible over a particular drainage 
area at a certain time of year.  The National Weather Service (NWS) 
further states that in consideration of our limited knowledge of the 
complicated processes and interrelationships in storms, PMP values are 
identified as estimates.  The NWS has published application procedures 
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that can be used with PMP estimates to develop spatial and temporal 
characteristics of a Probable Maximum Storm (PMS).  A PMS thus 
developed can be used with a precipitation-runoff simulation model to 
calculate a probable maximum flood (PMF) hydrograph.   

The 50-year frequency, 24-hour rainfall is 5.7 inches; and the 100-year 
frequency, 24-hour rainfall is 6.5 inches.  The 6-hour, 10-square-mile 
PMP depth is approximately 26 inches.  In order to store and pass the 
PMP, approximately 2 ft of freeboard must be present.  It is reported that 
the freeboard for the North Ash Pond is >2 ft and the freeboard for the 
South Ash Pond is 5 ft; therefore, adequate freeboard appears to exist to 
safely store and pass the full PMP. 

6.1.3 Spillway Rating 

No spillway rating was provided.  The North and South ash ponds are 
mostly diked embankment facilities having contributing drainage areas 
equal to the surface area of the impoundments; therefore, the impounded 
pools would not be anticipated to experience significant changes in 
elevation.   

6.1.4 Downstream Flood Analysis 

No downstream flood analysis was provided. 

6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 

Supporting technical documentation is sufficient. 

6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY 

Adequate capacity and freeboard exists to safely pass the design storm. 
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7.0 STRUCTURAL STABILITY 

 

7.1 SUPPORTING TECHNICAL DOCUMENTATION 

7.1.1 Stability Analyses and Load Cases Analyzed 

MEC provided structural stability analyses in the Geotechnical 
Engineering Report, Preliminary Opinions of Global Stability North Ash 
Containment Pond Embankments, Riverside Generating Station, Scott 
County, Iowa dated October 22, 2010, and Geotechnical Engineering 
Report, Preliminary Opinions of Global Stability South Ash Containment 
Pond Embankments, Riverside Generating Station, Scott County, Iowa 
dated October 27, 2010.  Subsequent to the field observations, MEC 
provided Geotechnical Engineering Report South Ash Pond Containment 
Pond Embankments dated December 7, 2010 and Geotechnical 
Engineering Report – Addendum No. 1 South Ash Pond Embankments, 
dated January 14, 2011.  These reports documented analyses of slope 
stability of the levees surrounding the ash pond; specifically under steady 
state seepage conditions, steady state seepage – flood event conditions, 
sudden drawdown conditions, as well as seismic loading conditions. 

7.1.2 Design Parameters and Dam Materials 

Slope stability soil strength parameters appear to be reasonable based on 
the embankment materials encountered: 

North Ash Pond (October 2010) 

 

 

 

 

South Ash Pond (October 2010) 
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Subsequent to the field observations, MEC provided Geotechnical 
Engineering Report South Ash Pond Containment Pond Embankments 
dated December 7, 2010.  Soil strength parameters appeared generally 
consistent; additional subsurface zones were analyzed and some zones 
were found exhibiting stronger soil strength parameters. 

 

7.1.3 Uplift and/or Phreatic Surface Assumptions 

Subsurface water levels were estimated based on the borings performed 
for the slope stability analysis: 

North Ash Pond (October 2010) 

 

South Ash Pond (October 2010) 
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Subsequent to the field observations, MEC provided Geotechnical 
Engineering Report South Ash Pond Containment Pond Embankments 
dated December 7, 2010.  Water levels are in a similar range to those 
encountered in the earlier study. 

 
7.1.4 Factors of Safety and Base Stresses 

 
North Ash Pond 
 
The report calculated the safety factors for the North Ash Pond 
embankments, and showed that safety factors were equal to or greater than 
minimum Federal Corps of Engineers dam safety factors (see Table 
below).  It should be noted that the reported Required Minimum Factor of 
Safety is based on the analysis and safety standards for levees.  Levees are 
defined as embankments subject to water loading for only a few days or 
weeks a year (USACE).  The embankments that impound coal combustion 
residuals should be treated as dams, not just levees, and should be 
analyzed and evaluated according to safety standards for dams, where the 
levee standard are not as stringent as those for dams.  The minimum 
Factor of Safety for dams under static, steady state conditions is 1.5. 
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South Ash Pond  
 
The October 2010 report calculated the following safety factors for the 
South Ash Pond embankments, and showed that safety factors were less 
than minimum Federal Corps of Engineers safety factors (see Table 
below). 

Note:  The USACE minimum required factor of safety for dams for steady state seepage 
conditions is 1.5. 

Subsequent to the field observations, MEC provided Geotechnical 
Engineering Report South Ash Pond Containment Pond Embankments 
dated December 7, 2010 and Geotechnical Engineering Report – 
Addendum No. 1 South Ash Pond Embankments, dated January 14, 2011.  
The calculated safety factors for the South Ash Pond embankments are 
higher than initially reported; but continue to be less than minimum 

Federal Corps of Engineers safety factors for steady state conditions.  
The calculated safety factors for seismic conditions were greater than 
minimum Federal Corps of Engineers dam criteria. 

 
Note:  The USACE minimum required factor of safety for dams for steady state seepage 
conditions is 1.5. 
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7.1.5 Liquefaction Potential 

Liquefaction potential has not been provided by MEC and therefore not 
assessed for this facility; however, soil conditions do not appear 
susceptible to liquefaction.  MEC indicated that liquefaction studies were 
performed as part of the January 2011 Terracon report; Dewberry did not 
find  any liquefaction analyses in the report.  

7.1.6  Critical Geological Conditions 

No critical geological conditions appear present at the site.  Based on the 
Scott County Geologic Mapping Update prepared by the Iowa DNR and 
Iowa Geologic Survey dated October 26, 2009, the North and South Ash 
Ponds reside within the Devonian System Bedrock Geology.  Specifically, 
this consists of Dolomite, Limestone, Shale, and Minor Sandstone 
(Wapsipinicon Group) middle Devonian.  This area includes the Otis and 
Pinicon ridge formations, with a total thickness between 18 and 29 m (60-
95 ft).  The Otis Formation is dominated by lithographic to 
sublithographic, pelletal limestone, with minor dolomite near its base.  
The Pinicon Ridge Formation is characterized by laminated or brecciated, 
unfossiliferous limestone and dolomite with minor shale.  Surficial 
Geology consists of the Henry formation, Muscatine Mbr. Coarse to fine 
sand and pebbly sand mantled with up to 1.5 m (5 ft) of eolian sand, 
Kingston Terrace complex in the Mississippi Valley. 

7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 

Supporting technical documentation is adequate to assess the structural stability of 
the North and South Ash Pond. 

7.3 ASSESSMENT OF STRUCTURAL STABILITY 

The structural stability of the North Ash Pond appeared satisfactory at the time of 
the site visit.  However, this assessment was conditional due to continued 
degradation if the North Ash Pond dikes are not maintained adequately.  
Subsequent to the site visit, MidAmerican has removed most of the vegetation and 
completed other routine maintenance.  It is noted that the pond is inactive and no 
longer receives coal combustion wastes.  

The South Ash Pond does not meet appropriate safety factors against failure. MEC 

must take immediate steps to rehabilitate the South Ash Pond embankments to 

meet minimum Factors of Safety. 

The North Ash Pond and South Ash Pond are not built over wet ash, slag or other 
unsuitable materials. 
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8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION 

 

8.1 OPERATING PROCEDURES 

Operational procedures are adequate.  The facility is operated for reservoir 
sedimentation and sediment storage; specifically for bottom ash and fly ash 
residuals.  The ash is not recovered for resale.  Coal combustion process wastewater 
and stormwater runoff from the facility are discharged into the reservoir, inflow 
water is treated through gravity settling and deposition, and treated process water 
and stormwater runoff are discharged through a regulated decant pipe into the 
Mississippi River.   

8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES 

Maintenance generally is limited to mowing grass when needed.  Maintenance did 
not appear to be performed for the North Ash Pond at the time of the site visit; 
however, subsequent to the site visit, MidAmerican has photo documented that 
routine maintenance had been performed.  Maintenance procedures appear adequate 
for the South Ash Pond.   

8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATIONS 

8.3.1 Adequacy of Operating Procedures 

Based on the assessments of this report, operating procedures appear to be 
adequate for the active ash pond. 

8.3.2 Adequacy of Maintenance 

Maintenance of the North Ash Pond was inadequate at the time of the site 
visit; however, MidAmerican has photo documented that much of the 
woody-stemmed vegetation, dense brush and trees have been removed. 

Maintenance procedures for the South Ash Pond appear to be adequate.   
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9.0 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM 

 

9.1 SURVEILLANCE PROCEDURES 

Monthly Inspections: 

Monthly inspection reports were provided by MEC for March through September 
2010.  The 2010 (MEC) Ash Pond Inspection checklist form can be found in 
Appendix A Doc 03: Smith Report 2010.pdf. 

9.2 INSTRUMENTATION MONITORING 

No embankment monitoring instrumentation devices (i.e. piezometers) were 
observed at the facility during the time of the inspection.  Monitoring wells are on 
site, but are used for water quality measurement purposes only. 

9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM 

9.3.1 Adequacy of Inspection Program 

Based on the data reviewed by Dewberry, including observations during 
the site visit, the inspection program is adequate. 

9.3.2 Adequacy of Instrumentation Monitoring Program 

No instrumentation is present at the North Ash Pond or South Ash Pond. 
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APPENDIX A 

FIELD EXPLORATION 
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The stratification lines represent the approximate boundary lines
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27

30

FILL, SANDY SILT, TRACE GRAVEL
Dark Gray

Higher gravel content below about 6 feet

Silty sand at Sample 6

Silty with sand at Sample 7

WEATHERED LIMESTONE***
Light Gray

BOTTOM OF BORING

***Classification of rock materials has been
estimated by the drill crew from drilling
characteristics.  Core samples and
petrographic analysis may reveal other rock
types.
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between soil and rock types:  in-situ, the transition may be gradual.
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The stratification lines represent the approximate boundary lines
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26

30

FILL, SANDY SILT, TRACE GRAVEL
Dark Gray

Silty sand at Sample 3

Higher clay content at Sample 4

Higher gravel content below about 18 feet

Silt with sand at Sample 7

WEATHERED LIMESTONE***
Light Gray

BOTTOM OF BORING

***Classification of rock materials has been
estimated by the drill crew from disturbed
samples.  Core samples and petrographic
analysis may reveal other rock types.
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between soil and rock types:  in-situ, the transition may be gradual.
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The stratification lines represent the approximate boundary lines
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26.5

30

FILL, SILTY SAND WITH GRAVEL
Dark Gray

High gravel content below about 4 feet

FILL, SILT WITH SAND, TRACE GRAVEL
Dark Gray

WEATHERED LIMESTONE***
Light Gray

BOTTOM OF BORING

***Classification of rock materials has been
estimated by the drill crew from drilling
characteristics.  Core samples and
petrographic analysis may reveal other rock
types.

WOH = Sampler advanced the entire
sampling interval under the weight of the
hammer and rods alone.
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between soil and rock types:  in-situ, the transition may be gradual.
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The stratification lines represent the approximate boundary lines
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26.5
27

FILL, SILT WITH SAND, TRACE GRAVEL
Dark Gray

Higher gravel content at Sample 9

WEATHERED LIMESTONE***
BOTTOM OF BORING

Auger refusal at about 27 feet.

***Classification of rock materials has been
estimated from drilling characteristics.
Core samples and petrographic analysis
may reveal other rock types.

WOH = Sampler advanced the entire
sampling interval under the weight of the
hammer and rods alone.
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between soil and rock types:  in-situ, the transition may be gradual.
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The stratification lines represent the approximate boundary lines
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*2000

*2000

*1500

11

24.5

FILL, SILTY CLAY WITH SAND AND
GRAVEL
Dark Gray

Fat clay layers below about 6 feet

FILL, SILT WITH SAND
Dark Gray
Less sand at Sample 6

BOTTOM OF BORING  (WEATHERED
LIMESTONE)***

***Classification of rock materials has been
estimated from disturbed samples.  Core
samples and petrographic analysis may
reveal other rock types.

WOH = Sampler advanced the entire
sampling interval under the weight of the
hammer and rods alone.
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between soil and rock types:  in-situ, the transition may be gradual.
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Riverside Generating Station
Bettendorf, Iowa
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The stratification lines represent the approximate boundary lines
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HGM Associates, Inc.
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*500

*500

8.5

15.5

26.5
27.2

FILL, SAND AND CRUSHED LIMESTONE
WITH CLAY
Dark Brown

FILL, SANDY FAT CLAY WITH SILT
LAYERS
Brown

FILL, SILT WITH SAND, TRACE GRAVEL
Dark Brown

WEATHERED LIMESTONE***
Light Gray

BOTTOM OF BORING

***Classification of rock materials has been
estimated from disturbed samples.  Core
samples and petrographic analysis may
reveal other rock types.
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between soil and rock types:  in-situ, the transition may be gradual.
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BORING NO.  10

Riverside Generating Station
Bettendorf, Iowa
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Ash Containment Ponds - South Pond

FOREMAN

APPROVED VER

11-3-10

*Pocket Penetrometer
**CME 140 lb. SPT automatic hammer

07105081

The stratification lines represent the approximate boundary lines

SITE
HGM Associates, Inc.
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24

25.5

FILL, SANDY SILT, TRACE GRAVEL
Dark Brown

HIGHLY WEATHERED LIMESTONE***
Gray

BOTTOM OF BORING

***Classification of rock materials has been
estimated from disturbed samples.  Core
samples and petrographic analysis may
reveal other rock types.
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DESCRIPTION
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between soil and rock types:  in-situ, the transition may be gradual.
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BORING NO.  11

Riverside Generating Station
Bettendorf, Iowa
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The stratification lines represent the approximate boundary lines
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1\ I I r I 
f- r\-I- -1- -1-""

I I I I I 
I I 
I I 
I I 

I 
I I I I I 

f-- r -1- -1- -1-.
I I I I 
I I I 
I I I 
I I I 
I 
I I I I I 

f- r -1- -1- -1-""
I I I I 
I I I I 

I I I 
I I I 
I I I 

I I I I I 
f- r -1- -1- -1-""-

I 
I I I I r 

I-- r- -1- -1-.-,
I 

I 
I 
I 
I 

f---- ~ -:- -:- -: - ~ -
I I I 
I I 
I 

Maximum Depth = 8.20 feet .4 
11'15 
I11III6 

silty clay to clay 
clayey silt to silty clay 
sandy silt to clayey silt 

o 

1117 
8 .9 

CPT DatelTime: 10/20/20104:48:27 PM 
Location: Ash Containment Pond 
Job Number: 07105081 

Friction Ratio 

Fs/Qc (%) 

i -:- -:- -1-"1 

,-Jr-r 
? I I >, I 

If>: I I 

r -1- -:- -:- ~ 
I 

r -1- -1- 4-"1 
I I 

I 

r -1- -1- -1-"1 
I I 

r -1- -1- -1-. 
I 

,-1- -r- -1-"1 

12 

Soil Behavior Type* 

Zone: UBC-1983 
o 12 

I 
I 

I I I I I 
I I I r I 
I I I I I 
I r I [t I I 

SPTN* 

60% Hammer 
o 

I I 
I I 
I I 

I I I 
I I I I 

=-r=r=-I--
I I [ I I I I 
I I r I 1 I I 
I I I I I I 
I I I I I I 
I I 1 I I I 
I I I I I I 

-,.-r-'"1 -
I I I I I I I 

I I I 
I I I 
I I I 
I I I 

I I I r 

Depth Increment = 0.066 feet 

silty sand to sandy silt 
sand to silty sand 

sand 

1110 gravelly sand to sand 
E 11 very stiff fine grained (*) 
1112 sand to clayey sand (*) 

40 
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Depth 
(tt) 

o 
o 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

Tip Resistance 

1 

til 
n. 

AS-
, ~ 

-~--~---~--~--~--~--, , , , , , 
I I I I I I I 

~1- - ~ - - -:- - -i - -T - - ~ - -
"<.~ ___ ~ : I I I 

'/'; , 
f:lo : I I I I 

cf- - ""1- - -1- - - r - - t" - -"1 --
_'::-1' I I J I I 

f" I I I I I 
I t I I 

If : I I 

- ""t - - "1 - - -1- - - I - - T - - ; - -

) : 

Il~: , , , , , 
- ~ - - ~ - - -:- - - ~ - - T - - ~ - -

I I I I I I 

--;~:> : , 
<:-~ , , , , , 

....... 1 I I I I I 

.-;-~:?~~ --,- --~ --,. --., --
-'--~, 

~.-.",? I I I I I 
,?1"~/- ~ - - -,- - - ~ - - ,. - - ., - -
(I I I r I I 
>~I I 1 r I I 
5.' , , , , 
·-21._._.-L __ ' , I 

: 5---'--: .;-=- : 
-~--~---~--~--,.--~-, , , 

-~--~---,---r--T--'--

"., 1 .2 
1113 

sensitive fine grained 
organic material 

clay 
Pre-Drill 12" 

*Soil behavior type and SPT based on data from UBC-1983 

350 

Terracon 

o 

Operator: GF Jr 

Sounding: CPT-6 

Cone Used: DSG1119 

Local Friction 

Fs TSF 

"1--I--I--t-
I I I I 
I I I I , , , 

, , , , , , , , 

, , , , 
-.--I--I--r 
~ I I I 1 

(-, , , , 
I ' , , , 
! : : : : 
;/ I I I I r -, --l- -l- -r 

\ I I I 

) '" , , 
! 

,>:- --:--:--T 
\., , 

<1' 
{r-~ -:- -:- -T 

-~-': : ' : 
" , 
-7 I I r ' , , 

r~--'--'--~ c' , , , 
1..1 I r I 

5 

\t-__ I I I 

~~:::=J=:= 
I I I I 
-r--I--r--r , , 

.--I--I--r , , , , , , , , , , , 

Pore Pressure 

PwPSI 
-10 

, , , 
==F==T-I I 
-1- -1- -1--1 , , 

-1- -1- -1-""1 , , , , , , , , , , , , 
<J -:- -:- -:- i 

t I I I I 

i ' I I I , , , , 
~:- -:- -:- ~ 
(, I I I 

-1- -1- -1-"1 , 

I 
-1- -1- -1--1 , , , , 

r -[- -1- -1-""1 , , 
I " , " 
, " 
, " , " r- -1- -1- -1-, , , 

Maximum Depth = 15,81 feet 

114 
1115 
1116 

silty clay to clay 
clayey silt to silty clay 
sandy silt to clayey silt 

50 o 

iii 7 
8 

m9 

CPT DatelTime: 10/20/20103:13:23 PM 

Location: Ash Containment Pond 

Job Number: 07105081 

Friction Ratio 

Fs/Qc (%) 

I>i , , , , 
L- r -1- -1- -1-"1 
~; I I I I 'it' , , I I I I I 

I I I I I 
I I I I I 
I I I I 

~'P"';;- -: - ~ 
',;., , , , , 
?I I I I I 
II I I I I 
, , , , , 
'~I- -1- -1-"1 

<1-:..-:-:=1=-: 1. I I I I 
~'---L ' , , 

I Pi I I 
f..,~11 
r -4::"""'=,- -1-""1 

~'" .... --.L-L..J.._ I 

12 

f : : _~-:r-
I ~--r-' I I 
,-', I I I 
,-1- -1- -1-"1 

~~ t I 

<"'-1". , 

2L
'I I I I I 

I I I I I 
I I I I 1 
Ie t r I I 

-j'('-r- -1- -1-"1 

~ t f I 

2--=:i::~-! 
~~~: : : ,., , , , 
t-:--:--:--; 
<C I I I I 
, -l"----.L....-L. . ..L 

~~--f~~:==;;~ 
--I" I I I 

r -1- -1- -1-"1 

1-1- -1- ,-"1 , , , , , 

Soil Behavior Type' 

Zone: UBC-1983 
o 12 

, 
, , , 
" , 
I I I I 

I [I I I I 

, , , , , , , , , , , , 
I I I I I 

SPT N' 

60% Hammer 
o 40 

, 

- r -t -1- r ,-I 
I I r I I 

, , , , , 
" 1-1- t" ,-I , , , , , , , , , , , , , , , , , , , , , I , , 

Depth Increment = 0.066 feet 

silty sand to sandy silt 
sand to silty sand 

sand 

!iii 0 gravelly sand to sand 
!!Iii very stiff fine grained (*) 
1112 sand to clayey sand (*) 
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Depth 
(tt) 

o 

5 

10 

15 

20 

25 

30 

o 

Tip Resistance 

Qc TSF 'iF 
'Vo 
l-g 
I <D I 

I I 0. 
----:ct. ... r+ 

~~t ~o I I I 

: -~=;'-~====T~-~~ r""- I I I I I 

j I I I t I I 
I r I I I r 

~::....i~ .. : --.t=: ~~j -
:=.~C--:-- : 
~~!---: 

~l~~n~n 
I Y--- I I I I 

... :r;----· I 

I'....." I 

: ~~i-~.-
I I --r"?" 
L_-----I-"" I 

(---, I I 

~-,. I I 
- "t - - "1 - - -1- - - r - - I - - "1 - -

J I t I 
1 I I I 

--.,. 

I 
I 
I 
I I I 1 I r -, - - -, - - -,- - - ,- - - T - - r - -

I I -_--1-_ ... 1 --~:::=;:::::"'-r'=-
I '",-_, 1 1 
1 ,t-~ 

i) 
1'0-,. I I I 

I <ti:- I L __ l. __ .l __ 
_ ..I. __ .J':--_.,.+~-!--... I 

I I ~ <"'" 
I I : I ;-__ I 
I I I I .? I 
I I I ___ ~I 

I f--'- I r 
~ .. -~ I I 

I 
I 

1 sensitive fine grained 
III 2 organic material 
1\13 clay 

Pre .. Drili to 1,5' 

'Soil behavior type and SPT based on data from UBC .. 1983 

140 

Terracon 

o 

Operator: GF Jr 
Sounding: CPT-7b 
Cone Used: DSG1119 

Local Friction 

Fs TSF 

I
\i 
/, 

I 

I 
I 
I 
I 
I 
I 
I 

I I I I I 

6 

S
'-_I __ I __ I_-'-

::::t~ : : : : 
I I I I I 

",::-i I 

:~ I 
'."., 
?~ I 
~I <:i- I 

I r ... 
I) 

I I 

--'-

-\- -1- -1- -1- -I
I I 
I I 

I 
1 \ I 

I 

'I I I 

~}--:--:--:--i-
I 

II I I 

":.. ..... ' I 
"--.! I 
1 I' 1 
I I~I , I 
I I \1 I I 
I 1 _].") I I 
I It;. I I r 

I-L -I-~l- -1- -'_ 
I I JI_:!:- I 

I 1'·-]:. ..... 

J If')'"j 

I J I 
r I y ....... [ I 

I·-----r--··-r- I I I 
I I I I I 
I I I I I 

I I I 

Pore Pressure 

PwPSI 
-10 50 

I I I I I 
I I 

~' .. - : 
. I 

I 
I 

I 
I 

I I I 

I-t~I __ I __ I_-'-
Jl r r I 

.e"o.:s..--,- I I 

c;:_ I 

.- I 

I 

I-t-:- -:- ~- -'-I I I 1 
'..::;::.-1 I I 1 

C" I I I r 
.... I I I I 
,.. I I I 

I I 
I I 

I -r;::;: I I 

r';:.t I I 

I- tf _;:-:,-t.. ~- ~-
I~I I 
I __ ~I , 

~: : 
'c.:::t> I 
I "'- I 
I ~,\I 
I~I 
I ~ 1 

I- ~t:- -N~-:-I r I I 
1 t I I 

: _l-.. :-~~-
I~.I I I 

, .. 1- ..; .. -., 1 1 
.~ I I I 

~ 1 

f-J~~'- _1_...1_ -'_ ~. I I I I 
I~? I I I 
I 'T":<--t I I 
I I~.-b--1;:'-'-.' I 
t. 1 I I I 

I I 
I 
I 

Maximum Depth = 27.62 feet .4 
1115 
1116 

silty clay to clay 
clayey silt to silty clay 
sandy silt to clayey silt 

o 

1117 
8 

1119 

CPT DatefTime: 10/20/2010 1 :34:07 PM 
Location: Ash Containment Pond 
Job Number: 07105081 

Friction Ratio 

Fs/Qc (%) 

II 
g...., .. : 

1--;0.1 

<-:-: I I I 

? I I I I I 
~ ~ I I I I 

12 

'--l. I J I I 

~~~~-~8=: ",--, -,-"-,-,---
I 1 I I 

.--""" I I I I 
<:;""1 
s-"", I 
$.-> I 

.. 4".l.. 
<::-i=~1 I 
~r t I I 

I ~ _~ _: __ :_ ~_ 
tt~ I I I I 

1
'1 r I I I 

I I I I I 
I I I I I 

1" I I I I t 
l I I I I 

......... .1-.....' I I 
I 1"(-'1 I 
I .k,.l"? I 
I --,Sf 
,-:::::'::"I---.J I I 

r-- r -1- s,~ -1-""
I I I "1:;., 
I I I,..::r:" 
I -k='> I 
I I ~--L 

<t--r----.-=r 
~: I I 

~ ' I I 
/ I I I I 

t-'<!- -:- -:- -:- ~-
«( I r I 1 

~ 1 I I 1 
2.. I r I 1 

'-~.:.;~ r 1 

I -1"'-..1 
I 15, r I 

:: b:: 
I 15"1 J 

I- L -'-F?- _1_-1_ 

I 'l' I I I I I 
I I I 
I I I 
I I'----c, 

--,--r-T 

Soil Behavior Type* 

Zone: UBC-1983 
o 12 

r I I I I I I 
[I I I I I I I I I 
r I I I I I I I I 
11 I 1 I I I I I 

I I I I I I I I I I I 

SPTN* 

60% Hammer 
o 90 

I 
I 

I I 
I I I I I 1 
i,,-'-'- "1-,--
1"'- I I 
p~1 I I I 

I)! I I 

~
',{: : I 

I I 1 I 
I I I 

I I I I r 

'), I I I I I 
!..r;_LL..l 

~F: : : 
y I I I 
\.1 I t 
"I I r 
I( I I I 
~ I I I 

~ I I t 
.1 I 
II I 
JI I I I 

l
~ -:-1- r -I-I-

I I 
I I 
I I 

1(" : I I 
I I 
I I 

) I I 
L! _,_,_!....! _,_,_ 
~ I I I 

(
I I I 
I I I l I I I 

'-/o.......!. I 
I~I 
1 1 'I-I. 

: : : :~ 
: : : ( : : : : 

---1_1_L.1,j _I_I-! 
1 I I 1rT'--+. ... .J. 

1 I I I I 1 '''''Jl 

: : : : : : : r 
...J._' _'_L..J-r4"-'T..--'j'
--t=r .. I I I I I 1 

I I I I 1 I I 
I I I I 1 I I 

I I I I I I I I 
I I I I I I I I 
I I 1 I I I I I 

Depth Increment = 0.066 feet 

silty sand to sandy silt 
sand to silty sand 

sand 

11110 gravelly sand to sand 
~ 11 very stiff fine grained (*) 
1112 sand to clayey sand (*) 
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Pressure 
(psi) 

-1 

-2 

-3 

Operator GF Jr 

Sounding: CPT-S 
Cone Used: DSG1119 

Terracon 
CPT DatelTime: 10/20/20103:13:23 PM 
Location: Ash Containment Pond 

Job Number: 07105081 

Selected Depth(s) 
(feet) 

-10.761 I I I I I I I I t I 
I I I I 
I I I I 

I I I I I I I 
I J I I I I I I I J I I I I I I I I I I I I I I I - - - - - - - - - -"I - - - - - ,- -,- -,- II J - - - - - - -,- - - - 1- - 1- - - -,-""j -,- T I - - - - - - -,- - - - T - - 7- -,- -'-I -1- I 

I I I I I I I I I I I I 
I I I I I I J I I I I I 

I I I J I I I I I I I J r I [ I I J I I J I J I I I 
______ L ___ -.l __ .J __ L _ L -.1_ L..I. .J _______ L ___ .1 __ .J __ 1 __ I_.J _1_ L.! _______ 1 ____ L __ .1 __ 1 __ 1_ .1 _I_ 

f I I I I I I I I I I I I I I r I I I I I I I I r J 

I I I I I r I I I I I I I I I I [ I I I 
J I I I I I I I I I I I I I I I I 

I I I I I I r I I I I I I I I I J I I I I I I ______ ~ ___ ~--~--~-~~-~~4-------~---~--~--~-~~-~~~----_--~---~--~-~-~-~~-
I r I I I I I I J I I I I I I I I 
I I I I I [I I I r I I 
t I I I I r I r I I I I 
r I I J I I I I I I I 

- - - - - - t- - - - -j - - -t - - t- - t- -j - j- -t -t - - - - - - -1- - - - -r - - -t - -1- -1- -j -1- t- -t - - - - - - -1- - - - t- - - T - -1- -1- -t -I-
I I I I I I I I I I ! I I I I I I I 

I I I I I I I I I 
I I I I I I I I , 

I I I I I I I I I I I I I I I 1 I I I I I 
- - - - - - r - - -"1 - - --, - - r - r --, - r T -y - - - - - - - r - - - T - - "1 - -1- -1-'" - r T" - - - - - - -1- - - - T - - T - -1- -,- T -[-

[ I [I I [I [ I I J [[ I I 1 I 
[ [[ I r, r I ! J , [ [ I 
[ I [ I I 1 I I I [ 1 I [ I 

I [ I [ [r I [I I 1 1 I I J I [ J 1 J I J 
- - - - - - I - - -I - - -,- - [- - [- -1- 1- - - - - - - [- - - -1- -I - - - - -1-1- T 1- - - - - - - - - - - T - -, - -1- -1-1-[- [ 

I , [ I [I [ I [ I 1 [ I [ 
I [ I I I [ I I [ I [ 
[ [ I [ [ [ I I I r I 

______ L ___ J __ -' __ L _ L _I _ J _______ 1 ____ 1 __ J _____ J _1_ 1.. 1 ___________ 1.. __ 1 ____ 1_ 1 _I_ 

I I I [ I [I I I I I I I I 
1 1 I 1 I I I I 
1 I I I r I I 
I I J I J I I 

______ L ___ .J __ ..J __ L _ L ..J _ L J..l _______ L ___ .1. __ ...1 __ 1 __ 1_ ...1 _L.L.1 _______ 1 ____ .L __ J. __ 1 __ 1_ J. _I_ 

I I I , I I I I I I I I r I I I 1 I 
I 1 I I I I I I I I I I I I I 
I I I I I I I I I I 1 I I I 

I I I I I I I J I I I I I I I I I 1 r I I r I 
- - - - - - l- - - - -I - - -r - -I- - r- -r - f- + -I - - - - - - - r- - - - + - - -I - -1- -1- -I -1- ~ + - - - - - - -1- - - - ~ - - + - -,- -1- + -I-

I I I I I 1 I I I I I I I I I I I I I I I I I I I [ 

\J 
I I I I [III I I I J I1111 I I I 1:/111 

I I I I I I I I I I I I I I I I I I I I I 1 vf I I I 

__ - - ~ ____ : ___ ~ _~_~ - ~ ~ _:_: _____ - - ~ ____ : ___ : __ ~ - ~_:_~ ~_:_ - __ - - _~ __ - ~ ___ : __ ~~i. r _:_~ I 

I I 1 I I I r I I ! I I I I 1 1 I I I I ,hI I I I I 
I I I I [ I I I I I 1 I I I I J 1 J I I I jN I r I ! I 
1 I I I I 1 I I r 1 I I I I I I I I J 1 If I I I , I 

- - - - - - I,~ _ ~ __ ~ __ ~ _ ~ ~ _ ~ ~ ~ _______ ~ ___ ~ __ ~ __ : __ :_ ~ _:_ ~ ~ _______ : ___ )_ ~ ~~ __ : __ : _ ~ _:_ I 

I ---t I I I I I I I I I I I I I I I V . I I I I I I 
I I I I 1 1 I I I I I I I I I I I I I I I I [ 

--- ---~---~--~ -~-:--:- ~ ----- --:- -- -+ --~--:--:-~-:-~+ -- --- --:- -r- t --+- -:- -:-+-:-: 
I I I I I I I I I r I I r II 1/ I I I I I II 
I I I I I I I r I I J I J I I I I r I 1 I 
I I 1 I I I I I I r I I 111 ~ I I I I 111 

______ L ___ J __ ..J __ L _ ,_ J _______ L ___ ~ __ J __ 1 __ 1_ J _L 1.. 1. _____ _ 1_1 _ ___ 1.. __ .1 __ 1 __ 1_ .L _I_ 

I I I I I I I 1 I 1 I I I [ I I I I I I I ! I 
I 1 I I I I I I I I I I 
I I I I I I I I 
I I I I I 

______ L ___ ..l __ -l __ L_L -l_ L J....J ~ _____ I- ___ ..1. __ ...J __ 1 __ 1_...J _1-.L.1. ______ 1 ____ .L __ ..1. __ 1 __ 1_.1._[_ 

I I I I I I ,.... I J 1 I I 1 I 'I I I I 
I I I I I I -............. I I 1 I I I I 
I I II 1111 ~ I 111 I I I III 
I I I r I I I J I I' I I I 1 I I I I I I I I 1 I I 

--- - - - i ---i -- i--i-i-:-i~ i -- --- - -i ~~~-I-~-:-~~ -- --- --:- ---~ --;-- -:--:-~-:-I 
I I I I I I , I r I I I I I I 
I I I I r 1 I I I I I 1 I I 
I I I I 1 I 1 1 I 11 

------r---'--~--r-r~-rT'-------r---T--'--I--I-'-rrT-------r----r--T--I-'-T-r-

1 I I I I I I I I I I [ I I I I J J I I I 1 I I I 
I [ 1 I I I I I I , J I I I I I I I I I 

1 I I I I I I I I I , I I I I I 
I I I 1 I J I I , I 1 I I I I I I I t I I I I II! 

- -- - -- r ---"---1--1--1- -1- r 1"- - - - - --1- - --I --.,- -1- -1-"-I-il - - - - - - -1--- - T - - ,- -,- -1- I-I-
I I I I I I I I 1 1 I I I I I I I I I I 

I I I I 1 I r I I I I I I I I 1 
I I 1 I 1 I I I I I I 

I I I I 1 I I I I I I I I I I I I I 1 1 I I I I --- -- -1- --1-- -- -I--'--I-!"'i 1- - - -- - -1- -- -1- -1----1-1-1-, 1-- --- - - - -- -'1- - T--I- -'-1-1-1 

I 1 I 1 , I I I J I I I 
I 1 I 1 I r I 1 I I 
I I I I I I 1 1 I I I I I I J I r 1 J I I I 1 I 1 I 

______ L ___ .J __ ~ __ L_L~_L.1~ _______ L ___ ~ __ J __ I __ I_J_LLJ. _______ I ____ .L __ J. __ I_~_~_I_ 

r I I 1 I J I I , I I I I I r J 1 r I I I I I I 1 
r I I I r I I r 1 r 1 I I I I 
I I 

10 100 1000 

Maximum Pressure = -1.852 psi 
Hydrostatic Pressure = 4.67 psi 

PLOTTED BY - jw 
PLOTTED ON -12/02/08 

Time: (seconds) 
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Pressure 
(psi) 

6 

5 

4 

3 

2 

o 

-1 

Operator GF Jr 
Sounding: CPT-6 

Cone Used: DSG1119 

Terracon 
CPT DatelTime: 10/20/20103:13:23 PM 
Location: Ash Containment Pond 
Job Number: 07105081 

Selected Depth(s) 
(feet) 

I I I I I I I I I I I I I I t I I I I I I 
------~---~-- - ~-~~-~+~-------~---+--4--I--r-4-~~+-------I----~--+--1-~-+-I-
____ - - L ___ J --i--~;- _1- Ll J _______ 1 ____ 1 __ J __ 1 __ I_J _L 11 _______ 1 ____ 1 __ 1 __ 1 __ 1_1_1_1 

- - - - - - ~ - -- ~ -- ~ - - ~ -1- ~ - ~ ~ ~ - - -- - --~ - - - ~ - - ~ - _: __ :_ ~ _:_ ~ ~ - - - - - - _:_ - - - ~ - - ~ - _: __ : - ~ _:_ I 
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Field Exploration Description 
 
The borings and CPT soundings were performed at the locations selected by Terracon and MEC 
as shown on the attached Boring Location Sketch (Exhibit A-1).  Ground surface elevations 
indicated on the boring logs are approximate and have been rounded to the nearest foot.  The 
elevations were estimated from the levee cross sections provided by HGM Associates, Inc.  The 
elevations of the soil borings should be considered accurate only to the degree implied by the 
means and methods used to define them.   
 
The borings were advanced with a track-mounted drilling rig utilizing continuous flight hollow-
stem augers to advance the boreholes.  Representative soil samples were obtained using both 
thin-walled tube and split-barrel sampling procedures.  In the thin-walled tube sampling 
procedure, a thin-walled, seamless steel tube with a sharp cutting edge is hydraulically pushed into 
the ground to obtain samples of cohesive and moderately cohesive soils.  In the split-barrel 
sampling procedure, a standard 2-inch (outside diameter) split-barrel sampling spoon is driven 
into the ground with a 140-pound Central Mine Equipment (CME) automatic SPT hammer falling 
a distance of 30 inches.  The number of blows required to advance the sampling spoon the last 
12 inches of a normal 18-inch penetration is recorded as the Standard Penetration Test (SPT) 
resistance value and are provided on the boring logs at their depths of occurrence.  The blow 
counts, also referred to as SPT N-values are used to help estimate the relative density of 
granular soil and the consistency of cohesive soils.  The samples were transported to our 
laboratory for testing and classification.  The boreholes were grouted with a cement-bentonite 
slurry. 
 
The drill crew prepared a field log for each boring.  Each log included visual classifications of the 
materials encountered during drilling as well as the driller's interpretation of the subsurface 
conditions between samples.  The boring logs included with this report represent an interpretation 
of the field logs and include modifications based on laboratory observation and tests of the 
samples. 
 
The CPT soundings were performed using ATV-mounted equipment.  The CPT procedure 
involves hydraulically advancing a steel cone shaped device attached to steel rods with flush-
joint couplings.  The sounding unit has electronic strain gauges that measure the point 
resistance, sleeve friction and pore-water pressure.  A depth encoder device monitors 
penetration as the rods are hydraulically pushed into the ground.  The system is interfaced with 
a computer that records the referenced parameters every two to four centimeters.  These 
parameters can be correlated to a variety of soil properties, including strength and density.  The 
in-situ data and the approximate soil types empirically estimated from the data are reported on 
the attached CPT sounding logs. 
 
The VST analyses were performed with a Geotech EVT 2000 Electrical Field Vane Apparatus 
using a 65mm by 130mm rectangular end vane within borings at target depths.  At the 
beginning of each test, apparent rod friction was measured during initial rotation through a 20-
degree slip-coupling.  Remolded tests were performed at selected depths after the initial test 
and after rotating the vane through 10 revolutions. 
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BORING - 
SAMPLE

DEPTH 
(feet)

TEST 
SYMBOL

WATER 
CONTENT 

(%)
LL PI DESCRIPTION / CLASSIFICATION

B-6/S-4  36 16 LEAN CLAY with Sand, dark gray

B-7/S-6  44 10 SILT with Sand, dark gray

B-10/Comp  36 8 SILT with Sand, dark gray with gray-brown

B-5/S-6  NP NP SILTY SAND, dark gray

B-5/S-7  40 4 SILT with Sand, dark gray

B-6/S-5 X 33 3 SANDY SILT, dark gray

B-6/S-7  38 12 SILT with Sand, dark gray

B-7/S-7  41 4 SILT with Sand, dark gray

B-6/S-3  NP NP SILTY SAND, dark gray

B-7/S-4 + NP NP SILTY SAND, dark gray

PROJECT: Ash Containment Pond Embankment

LOCATION: Riverside Generating Station - Bettendorf, Iowa

PROJECT NUMBER: 07105081
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GRAVEL Sand Silt or

Coarse Fine Coarse Medium Fine Clay

GRAIN SIZE DISTRIBUTION CURVE

BORING SAMPLE DEPTH, ASTM UNIFIED NAT. ATTERBERG LIMITS

NO. NO. feet DESCRIPTION SYMBOL WC, % LL PL PI

B-5 1,2 and 3 Various ML     

PROJECT Riverside Generating Station

Bettendorf, Iowa JOB NO. 07105081 DATE 11/22/2010

N:\Projects\2010\07105081\[lab data.B.5.1.xls]REPORT

Sandy silt, trace gravel
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GRAVEL Sand Silt or

Coarse Fine Coarse Medium Fine Clay

GRAIN SIZE DISTRIBUTION CURVE

BORING SAMPLE DEPTH, ASTM UNIFIED NAT. ATTERBERG LIMITS

NO. NO. feet DESCRIPTION SYMBOL WC, % LL PL PI

B-6 1 and 2 Various ML     

PROJECT Riverside Generating Station

Bettendorf, Iowa JOB NO. 07105081 DATE 11/22/2010

N:\Projects\2010\07105081\[lab data.B.6.1.xls]REPORT

Sandy silt
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GRAVEL Sand Silt or

Coarse Fine Coarse Medium Fine Clay

GRAIN SIZE DISTRIBUTION CURVE

BORING SAMPLE DEPTH, ASTM UNIFIED NAT. ATTERBERG LIMITS

NO. NO. feet DESCRIPTION SYMBOL WC, % LL PL PI

B-8 1 and 2 Various ML     

PROJECT Riverside Generating Station

Bettendorf, Iowa JOB NO. 07105081 DATE 11/22/2010

N:\Projects\2010\07105081\[lab data.B.8.1.xls]REPORT

Silt with sand
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GRAVEL Sand Silt or

Coarse Fine Coarse Medium Fine Clay

GRAIN SIZE DISTRIBUTION CURVE

BORING SAMPLE DEPTH, ASTM UNIFIED NAT. ATTERBERG LIMITS

NO. NO. feet DESCRIPTION SYMBOL WC, % LL PL PI

B-8 5,7 and 10 Various ML     

PROJECT Riverside Generating Station

Bettendorf, Iowa JOB NO. 07105081 DATE 11/22/2010

N:\Projects\2010\07105081\[lab data.B.8.5.xls]REPORT

Silt with sand
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SIEVE DIAMETER, PASS,
SIZE mm %

1.5" 37.5 100
1" 25.0 100

3/4" 19.0 100
1/2" 12.5 100
3/8" 9.50 100
#4 4.75 100

#10 2.00 98
#20 0.850 93
#40 0.425 90
#60 0.250 87
#140 0.106 79
#200 0.075 74.9

0.0437 68.3
0.0319 60.4
0.0211 48.4
0.0127 36.3
0.0093 28.1
0.0067 20.1
0.0032 9.0
0.0014 5.0

D60 0.0315
D30 0.0100
D10 0.0034

Cu 9.2
Cc 0.9

SPECIFIC GRAVITY 2.54
TESTED

SAMPLE USCS UNIFIED NAT
ID DESCRIPTION SYMBOL M% LL PL PI

PROJECT MEC RIVERSIDE ASH POND

JOB NO. DATE

N:\PROJECTS\2010\02105081G\Lab Data\[02105081G HydroALPlot B8&B9-COMP-15.0.xlsm]REPORT

02105081G 11/11/2010

BORING
ID

DEPTH,
feet

MLB-8 5 TO 7
SILT WITH SAND

DARK GRAY
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EFFECTIVE STRESS --- ANGLE OF INTERNAL FRICTION, deg

TOTAL STRESS ANGLE OF INTERNAL FRICTION, deg

SPECIMEN ID: A B C

WATER CONTENT, % 37.9 37.7 36.9

DRY DENSITY, pcf 69.3 69.4 69.0

SATURATION, % 75 75 72

VOID RATIO 1.29 1.29 1.30

WATER CONTENT, % 50.1 49.0 48.9

DRY DENSITY, pcf 69.8 70.6 70.7

SATURATION (B PARAMETER) 0.97 1.00 0.97

VOID RATIO 1.27 1.25 1.24

FINAL BACK PRESSURE, psi 98.6 98.9 101.2

MINOR PRINCIPAL STRESS, psi 10.2 21.5 39.4

EFFECTIVE STRESS PEAK AT % STRAIN 15.0 15.0 15.0

EFF. DEVIATOR STRESS AT PEAK STRAIN, psi 28.2 46.7 95.8

TOTAL STRESS PEAK AT % STRAIN 15.0 15.0 15.0

TOTAL DEVIATOR STRESS AT PEAK STRAIN, psi 28.2 46.7 95.8

CONTROLLED - STRAIN TEST ULTIMATE DEVIATOR STRESS (15% STR), psi 28.2 46.7 95.7

SAMPLE TYPE: TIME TO 50% PRIMARY CONSOLIDATION, min 0.23 0.18 0.23

DESCRIPTION OF SPECIMENS: 8.04 8.03 8.03

INITIAL DIAMETER, inch 1.998 2.000 2.008

INITIAL HEIGHT, inch 4.047 4.034 4.056

LL NP PL NP PI NP Gs 2.54 TEST AREA AFTER CONSOLIDATION, inch2 3.132 3.116 3.117

PROJECT:

BORING #:

SAMPLE #:

DEPTH, feet:

N:\PROJECTS\2010\02105081G\Lab Data\[02105081G Triaxial CU B8-5.0.15 percent.xlsx]REPORT

TERRACON - LENEXALABORATORY:

DATE: 6/13/2008

SILT WITH SAND, DARK GRAY 

MEC RIVERSIDE ASH POND

STRAIN RATE, % / hour
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PROCEDURE: ASTM D4767, CONSOLIDATED-UNDRAINED TRIAXIAL 
COMPRESSION TEST ON COHESIVE SOILS

PROJECT NO. 02105081G
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MEC RIVERSIDE ASH POND

02105081G B-8 0

REMARKS:

SPECIMENS SATURATED BY THE WET METHOD.

EFFECTIVE STRESS FAILURE DATA BASED ON 15 % STRAIN.

EFFECTIVE STRESS MOHR'S CIRCLES DRAWN AT 15 % STRAIN.

TOTAL STRESS FAILURE DATA BASED ON 15 % STRAIN.

TOTAL STRESS MOHR'S CIRCLES DRAWN AT 15 % STRAIN.

DEVIATOR STRESSES CORRECTED FOR MEMBRANE AND FILTER PAPER EFFECTS.

AREA AFTER CONSOLIDATION CALCULATED AS PER SECTION 10.3.2.1 METHOD A

STANDARD PROCTOR = 85pcf @ 25%  MOISTURE

REMOLDED TO  69.2 pcf @ 37.5% MOISTURE REMOLDED TO 81.5% COMPACTION

N:\PROJECTS\2010\02105081G\Lab Data\[02105081G Triaxial CU B8-5.0.15 percent.xlsx]REPORT

FAILURE SKETCH FAILURE SKETCH FAILURE SKETCH

SPECIMEN A SPECIMEN B SPECIMEN C

5.0 - 7.0
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MEC RIVERSIDE ASH POND

02105081G B-8 0 5.0 - 7.0

N:\PROJECTS\2010\02105081G\Lab Data\[02105081G Triaxial CU B8-5.0.15 percent.xlsx]REPORT
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SIEVE DIAMETER, PASS,
SIZE mm %

1.5" 37.5 100
1" 25.0 100

3/4" 19.0 100
1/2" 12.5 100
3/8" 9.50 100
#4 4.75 100

#10 2.00 100
#20 0.850 97
#40 0.425 95
#60 0.250 93
#140 0.106 85
#200 0.075 79.8

0.0438 66.4
0.0323 54.9
0.0215 40.3
0.0130 24.6
0.0095 16.1
0.0068 9.6
0.0032 7.3
0.0014 5.2

D60 0.0370
D30 0.0155
D10 0.0069

Cu 5.3
Cc 0.9

SPECIFIC GRAVITY 2.60
TESTED

SAMPLE USCS UNIFIED NAT
ID DESCRIPTION SYMBOL M% LL PL PI

PROJECT MEC RIVERSIDE ASH POND

JOB NO. DATE

N:\PROJECTS\2010\02105081G\Lab Data\[02105081G HydroALPlot B8&B9-COMP-15.0.xlsm]REPORT

02105081G 11/11/2010

BORING
ID

DEPTH,
feet
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EFFECTIVE STRESS --- ANGLE OF INTERNAL FRICTION, deg

TOTAL STRESS ANGLE OF INTERNAL FRICTION, deg

SPECIMEN ID: A B C

WATER CONTENT, % 29.0 29.1 28.7

DRY DENSITY, pcf 70.6 70.6 71.1

SATURATION, % 58 58 58

VOID RATIO 1.30 1.30 1.29

WATER CONTENT, % 49.5 49.2 48.4

DRY DENSITY, pcf 71.0 71.2 71.9

SATURATION (B PARAMETER) 0.99 0.95 1.00

VOID RATIO 1.29 1.28 1.26

FINAL BACK PRESSURE, psi 99.2 99.3 99.7

MINOR PRINCIPAL STRESS, psi 11.3 20.3 39.8

EFFECTIVE STRESS PEAK AT % STRAIN 15.0 15.0 15.0

EFF. DEVIATOR STRESS AT PEAK STRAIN, psi 118.0 122.9 129.3

TOTAL STRESS PEAK AT % STRAIN 15.0 15.0 15.0

TOTAL DEVIATOR STRESS AT PEAK STRAIN, psi 118.0 122.9 129.3

CONTROLLED - STRAIN TEST ULTIMATE DEVIATOR STRESS (15% STR), psi 117.7 122.5 129.3

SAMPLE TYPE: TIME TO 50% PRIMARY CONSOLIDATION, min 0.18 0.14 0.13

DESCRIPTION OF SPECIMENS: 8.04 8.04 8.04

INITIAL DIAMETER, inch 2.006 2.003 2.004

INITIAL HEIGHT, inch 4.059 4.067 4.049

LL NP PL NP PI NP Gs 2.6 TEST AREA AFTER CONSOLIDATION, inch2 3.155 3.135 3.139

PROJECT:

BORING #:

SAMPLE #:

DEPTH, feet:

N:\PROJECTS\2010\02105081G\Lab Data\Prelim CU Analyses\[02105081G Triaxial CU B8&B9-COMP-15.0.15 percent.xlsx]File Data Combined

TERRACON - LENEXALABORATORY:

DATE: 6/13/2008
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PROCEDURE: ASTM D4767, CONSOLIDATED-UNDRAINED TRIAXIAL 
COMPRESSION TEST ON COHESIVE SOILS

PROJECT NO. 02105081G

RE-COMPACTED
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MEC RIVERSIDE ASH POND

02105081G B-8 & B-9 COMPOSITE

REMARKS:

SPECIMENS SATURATED BY THE WET METHOD.

EFFECTIVE STRESS FAILURE DATA BASED ON 15 % STRAIN.

EFFECTIVE STRESS MOHR'S CIRCLES DRAWN AT 15 % STRAIN.

TOTAL STRESS FAILURE DATA BASED ON 15 % STRAIN.

TOTAL STRESS MOHR'S CIRCLES DRAWN AT 15 % STRAIN.

DEVIATOR STRESSES CORRECTED FOR MEMBRANE AND FILTER PAPER EFFECTS.

AREA AFTER CONSOLIDATION CALCULATED AS PER SECTION 10.3.2.1 METHOD A

STANDARD PROCTOR = 75pcf @ 25%  MOISTURE

REMOLDED TO  70.7 pcf @ 28.9% MOISTURE REMOLDED TO 94.3% COMPACTION

N:\PROJECTS\2010\02105081G\Lab Data\Prelim CU Analyses\[02105081G Triaxial CU B8&B9-COMP-15.0.15 percent.xlsx]File Data Combined
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MEC RIVERSIDE ASH POND

02105081G B-8 & B-9 COMPOSITE 15.0 - 21.0 & 20.5

N:\PROJECTS\2010\02105081G\Lab Data\Prelim CU Analyses\[02105081G Triaxial CU B8&B9-COMP-15.0.15 percent.xlsx]File Data Combined

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0 5 10 15 20

P
O
R
E

P
R
E
S
S
U
R
E

/

D
E
V
I
A
T
O
R

S
T
R
E
S
S

STRAIN, %

y = 0.6015x
R² = 0.8541

0

20

40

60

80

100

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

S
H
E
A
R

S
T
R
E
S
S
,

P
S
I

NORMAL STRESS, PSI

A B C

-35

-30

-25

-20

-15

-10

-5

0

5

10

15

20

0 5 10 15 20

P
O
R
E

P
R
E
S
S
U
R
E
,

P
S
I

STRAIN, %

bwlarsen
Typewritten Text
Exhibit B-13



GRAVEL Sand Silt or

Coarse Fine Coarse Medium Fine Clay

GRAIN SIZE DISTRIBUTION CURVE

BORING SAMPLE DEPTH, ASTM UNIFIED NAT. ATTERBERG LIMITS

NO. NO. feet DESCRIPTION SYMBOL WC, % LL PL PI

B-9 6 22-24 ML     

PROJECT Riverside Generating Station

Bettendorf, Iowa JOB NO. 07105081 DATE 11/22/2010

N:\Projects\2010\07105081\Lab Data\[lab data.B.9.6.xls]REPORT
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GRAVEL Sand Silt or

Coarse Fine Coarse Medium Fine Clay

GRAIN SIZE DISTRIBUTION CURVE

BORING SAMPLE DEPTH, ASTM UNIFIED NAT. ATTERBERG LIMITS

NO. NO. feet DESCRIPTION SYMBOL WC, % LL PL PI

B-11 5 and 6 Various ML     

PROJECT Riverside Generating Station

Bettendorf, Iowa JOB NO. 07105081 DATE 11/22/2010

N:\Projects\2010\07105081\Lab Data\[lab data.B.11.5.xls]REPORT
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EFFECTIVE STRESS --- ANGLE OF INTERNAL FRICTION, deg

TOTAL STRESS ANGLE OF INTERNAL FRICTION, deg

SPECIMEN ID: A B C

WATER CONTENT, % 29.3 29.7 29.8

DRY DENSITY, pcf 88.9 88.6 86.3

SATURATION, % 90 90 86

VOID RATIO 0.87 0.88 0.93

WATER CONTENT, % 31.4 30.3 30.5

DRY DENSITY, pcf 90.5 92.0 91.7

SATURATION (B PARAMETER) 1.00 0.98 0.95

VOID RATIO 0.84 0.81 0.81

FINAL BACK PRESSURE, psi 99.1 99.3 99.9

MINOR PRINCIPAL STRESS, psi 9.8 19.5 39.6

EFFECTIVE STRESS PEAK AT % STRAIN 15.0 15.0 15.0

EFF. DEVIATOR STRESS AT PEAK STRAIN, psi 13.5 25.6 41.3

TOTAL STRESS PEAK AT % STRAIN 15.0 15.0 15.0

TOTAL DEVIATOR STRESS AT PEAK STRAIN, psi 13.5 25.6 41.3

CONTROLLED - STRAIN TEST ULTIMATE DEVIATOR STRESS (15% STR), psi 13.5 25.7 41.3

SAMPLE TYPE: TIME TO 50% PRIMARY CONSOLIDATION, min 1.20 1.10 0.91

DESCRIPTION OF SPECIMENS: 8.03 8.22 8.23

INITIAL DIAMETER, inch 2.005 2.006 2.021

INITIAL HEIGHT, inch 3.911 3.914 3.956

LL 36 PL 28 PI 8 Gs 2.67 TEST AREA AFTER CONSOLIDATION, inch2 3.121 3.075 3.071

PROJECT:

BORING #:

SAMPLE #:

DEPTH, feet:

N:\PROJECTS\2010\02105081G\Lab Data\[02105081G Triaxial CU B10-COMP-13.0.15 percent.xlsx]REPORT

TERRACON - LENEXALABORATORY:
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PROCEDURE: ASTM D4767, CONSOLIDATED-UNDRAINED TRIAXIAL 
COMPRESSION TEST ON COHESIVE SOILS

PROJECT NO. 02105081G
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MEC RIVERSIDE ASH POND

02105081G B-10 COMPOSITE

REMARKS:

SPECIMENS SATURATED BY THE WET METHOD.

EFFECTIVE STRESS FAILURE DATA BASED ON 15 % STRAIN.

EFFECTIVE STRESS MOHR'S CIRCLES DRAWN AT 15 % STRAIN.

TOTAL STRESS FAILURE DATA BASED ON 15 % STRAIN.

TOTAL STRESS MOHR'S CIRCLES DRAWN AT 15 % STRAIN.

DEVIATOR STRESSES CORRECTED FOR MEMBRANE AND FILTER PAPER EFFECTS.

AREA AFTER CONSOLIDATION CALCULATED AS PER SECTION 10.3.2.1 METHOD A

STANDARD PROCTOR = 75pcf @ 25%  MOISTURE

REMOLDED TO  87.9 pcf @ 29.6% MOISTURE REMOLDED TO 117.3% COMPACTION

N:\PROJECTS\2010\02105081G\Lab Data\[02105081G Triaxial CU B10-COMP-13.0.15 percent.xlsx]REPORT
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MEC RIVERSIDE ASH POND

02105081G B-10 COMPOSITE 13.0 - 18.0

N:\PROJECTS\2010\02105081G\Lab Data\[02105081G Triaxial CU B10-COMP-13.0.15 percent.xlsx]REPORT
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GRAVEL Sand Silt or
Coarse Fine Coarse Medium Fine Clay

GRAIN SIZE DISTRIBUTION CURVE

BORING SAMPLE DEPTH, ASTM UNIFIED NAT. ATTERBERG LIMITS
NO. NO. feet DESCRIPTION SYMBOL WC, % LL PL PI

B-11 5 and 6 Various ML     

PROJECT Riverside Generating Station

Bettendorf, Iowa JOB NO. 07105081 DATE 11/22/2010

N:\PROJECTS\2010\02105081G\Lab Data\BETTENDORF\[lab data.B.9.6.xls]REPORT
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Laboratory Testing 
 
The samples obtained from the borings were tested in our laboratory to determine their water 
contents.  Dry densities were obtained and unconfined compressive strength tests were 
performed on selected tube samples.  A pocket penetrometer was used to help estimate the 
approximate unconfined compressive strength of some cohesive samples.  The pocket 
penetrometer provides a better estimate of soil consistency than visual examination alone.  The 
laboratory test results are presented on the boring logs. 
 
The soil samples were classified in the laboratory based on visual observation, texture and 
plasticity.  The soil descriptions and estimated group symbols presented on the boring logs for 
native soils are in general accordance with the Unified Soil Classification System (USCS) and 
the attached General Notes.  A summary of the USCS is also attached. 
 
Atterberg limits and gradation (hydrometer) tests were performed on selected samples to 
determine index properties and to further classify the materials.  A series of isotropically 
consolidated, undrained triaxial compression tests with pore pressure measurements were 
preformed on remolded samples to evaluate shear strength properties. 
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GENERAL NOTES 

DRILLING & SAMPLING SYMBOLS: 
SS: Split Spoon – 1-3/8" I.D., 2" O.D., unless otherwise noted H S: Hollow Stem Auger 
ST: Thin-Walled Tube - 3" O.D., unless otherwise noted PA: Power Auger 
RS: Ring Sampler - 2.42" I.D., 3" O.D., unless otherwise noted HA: Hand Auger 
DB: Diamond Bit Coring - 4", N, B RB: Rock Bit 
BS: Bulk Sample or Auger Sample WB: Wash Boring or Mud Rotary 

The number of blows required to advance a standard 2-inch O.D. split-spoon sampler (SS) the last 12 inches of the total 18-inch 
penetration with a 140-pound hammer falling 30 inches is considered the “Standard Penetration” or “N-value”. 

WATER LEVEL MEASUREMENT SYMBOLS: 

WL: Water Level WS: While Sampling N/E: Not Encountered 
WCI: Wet Cave in WD: While Drilling   
DCI: Dry Cave in BCR: Before Casing Removal   
AB: After Boring ACR: After Casing Removal   

Water levels indicated on the boring logs are the levels measured in the borings at the times indic ated.  Groundwater levels at other 
times and other locations across the site co uld vary.  In pe rvious soils, the ind icated levels may reflect the locati on of groundwater.  
In low permeability soils, the accurate determination of groundwater levels may not be possible with only short-term observations. 

DESCRIPTIVE SOIL CLASSIFICATION: Soil c lassification is based on the U nified C lassification S ystem.  Coars e Graine d S oils 
have more than 50% of their dry weight retained on a #200 sieve; their principal descriptors are: boulders, cobbles, gravel or sand.  
Fine Grained Soils have less than 50% of their dry weight retained on a #200 sieve; they are principally described as clays if they are 
plastic, and silts if they are slightly plastic or non-plastic.  Major constituents may be added as modifiers and minor constituents may 
be added according to the relative proportions based on grain size.  In addition to gradation, coarse-grained soils are defined on the 
basis of their in-place relative density and fine-grained soils on the basis of their consistency. 

 

CONSISTENCY OF FINE-GRAINED SOILS RELATIVE DENSITY OF COARSE-GRAINED SOILS 

Unconfined 
Compressive 

Strength, Qu, psf 

Standard Penetration 
or N-value (SS) 

Blows/Ft. 
Consistency 

Standard Penetration 
or N-value (SS) 

Blows/Ft. 

Ring Sampler (RS) 
Blows/Ft. 

Relative Density 

< 500 0-1 Very Soft 0 – 3 0-6 Very Loose 
500 – 1,000 2-4 Soft 4 – 9 7-18 Loose 

1,001 – 2,000 4-8 Medium Stiff 10 – 29 19-58 Medium Dense 
2,001 – 4,000 8-15 Stiff 30 – 49 59-98 Dense 
4,001 – 8,000 15-30 Very Stiff > 50 > 99 Very Dense 

8,000+ >  30 Hard    

RELATIVE PROPORTIONS OF SAND AND GRAVEL GRAIN SIZE TERMINOLOGY 

Descriptive Term(s) of other 
Constituents 

Percent of
Dry Weight 

Major Component
of Sample 

Particle Size 

Trace < 15 Boulders Over 12 in. (300mm) 
With 15 – 29 Cobbles 12 in. to 3 in. (300mm to 75 mm) 

Modifier > 30 Gravel 3 in. to #4 sieve (75mm to 4.75 mm) 

  
Sand 

Silt or Clay 
#4 to #200 sieve (4.75mm to 0.075mm)

Passing #200 Sieve (0.075mm) 

RELATIVE PROPORTIONS OF FINES  PLASTICITY DESCRIPTION  

Descriptive Term(s) of other 
Constituents 

Percent of
Dry Weight 

 Term 
Plasticity 

Index 
 

Trace < 5  Non-plastic 0  
With 5  – 12  Low 1-10  

Modifiers >  12  Medium 11-30  
   High > 30  
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GENERAL NOTES 

 
Sedimentary Rock Classification 

 
 

DESCRIPTIVE ROCK CLASSIFICATION: 
 

Sedimentary rocks are composed of cemented clay, silt and sand sized particles. 
The most common minerals are clay, quartz and calcite.  Rock composed primarily of calcite 
is called limestone; rock of sand size grains is called sandstone, and rock of clay and silt size 
grains is called mudstone or clay stone,  siltstone,  or shale.  Mo difiers such as shaly, sandy, 
dolomitic, calcareous, ca rbonaceous, etc. ar e u sed  to de scribe va rious co nstituents.  
Examples:  sandy shale; calcareous sandstone. 

 
LIMESTONE Light to da rk colored, crystalline to fin e-grained texture, co mposed of Ca Co3, reacts readily 

with HCI.  
 
DOLOMITE Light to dark colored, crystalline to  fin e-grained texture, com posed of CaMg (CO3)2, harder 

than limestone, reacts with HCI when powdered. 
 
CHERT Light to dark colo red, very fine-grained texture, composed of micro-cry stalline quartz, (Si02), 

brittle, breaks into angular fragments, will scratch glass. 
 
SHALE Very fine-grained texture, composed of  consolidated silt or clay, bedd ed in thi n layers. Th e 

unlaminated equivalent is frequently referred to as siltstone, claystone or mudstone. 
 
SANDSTONE Usually lig ht col ored, coarse to  fine  texture, composed of ce mented sand  si ze grain s of 

quartz, feldspar, etc.  Cement usually is silica but may be such minerals as calcite, iron-oxide, 
or some other carbonate. 

 
CONGLOMERATE Rounded rock fragments of variable mineralogy varying in size from near sand to boulder size 

but usu ally p ebble to cobble si ze (½ i nch to  6 i nches).  Cem ented togethe r with variou s 
cementing a gents.  Breccia i s simil ar but co mposed of an gular, fractu red rock pa rticles 
cemented together. 

 
DEGREE OF WEATHERING:  
 
SLIGHT Slight decomposition of parent material on joints.  May be color change. 
 
MODERATE Some decomposition and color change throughout. 
 
HIGH Rock highly decomposed, may be extremely broken. 
 
 

Classification of rock materials has been estimated from disturbed samples. 
Core samples and petrographic analysis may reveal other rock types. 
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UNIFIED SOIL CLASSIFICATION SYSTEM 

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests A 
Soil Classification 

Group 
Symbol 

Group Name B 

Coarse Grained Soils: 
More than 50% retained 
on No. 200 sieve 

Gravels: 
More than 50% of 
coarse 
fraction retained on 
No. 4 sieve 

Clean Gravels: 
Less than 5% fines C 

Cu  4 and 1  Cc  3 E GW Well-grade d gravel F 
Cu  4 and/or 1  Cc  3 E GP Poorl y graded gravel F 

Gravels with Fines: 
More than 12% fines C 

Fines classify as ML or MH GM Silty gravel F,G, H 
Fines classify as CL or CH GC Clayey gravel F,G,H 

Sands: 
50% or more of coarse 
fraction passes 
No. 4 sieve 

Clean Sands: 
Less than 5% fines D 

Cu  6 and 1  Cc  3 E SW Well-grade d sand I 
Cu  6 and/or 1  Cc  3 E SP Poorly graded sand I 

Sands with Fines: 
More than 12% fines D 

Fines classify as ML or MH SM Silty sand G,H,I 
Fines Classify as CL or CH SC Clayey sand G,H,I 

Fine-Grained Soils: 
50% or more passes the 
No. 200 sieve 

Silts and Clays: 
Liquid limit less than 50 

Inorganic: 
PI  7 and plots on or above “A” line J CL Lean clay K,L,M 
PI  4 or plots below “A” line J ML Silt K,L,M 

Organic: 
Liquid limit - oven dried 

 0.75 OL 
Organic clay K,L,M,N 

Liquid limit - not dried Organic silt K,L,M,O 

Silts and Clays: 
Liquid limit 50 or more 

Inorganic: 
PI plots on or above “A” line CH Fat clay K,L,M 
PI plots below “A” line MH Elastic Silt K,L,M 

Organic: 
Liquid limit - oven dried 

 0.75 OH 
Organic clay K,L,M,P 

Liquid limit - not dried Organic silt K,L,M,Q 
Highly organic soils: Primarily organic matter, dark in color, and organic odor PT Peat 

 

A Based on the material passing the 3-in. (75-mm) sieve 
B If field sample contained cobbles or boulders, or both, add “with cobbles 

or boulders, or both” to group name. 
C Gravels with 5 to 12% fines require dual symbols:  GW-GM well-graded 

gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly 
graded gravel with silt, GP-GC poorly graded gravel with clay. 

D Sands with 5 to 12% fines require dual symbols:  SW-SM well-graded 
sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded 
sand with silt, SP-SC poorly graded sand with clay 

E Cu = D60/D10     Cc = 
6010

2

30

DxD

)(D
 

F If soil contains  15% sand, add “with sand” to group name. 
G If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM. 

H If fines are organic, add “with organic fines” to group name. 
I If soil contains  15% gravel, add “with gravel” to group name. 
J If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay. 
K If soil contains 15 to 29% plus No. 200, add “with sand” or “with 

gravel,” whichever is predominant. 
L If soil contains  30% plus No. 200 predominantly sand, add “sandy” 

to group name. 
M If soil contains  30% plus No. 200, predominantly gravel, add 

“gravelly” to group name. 
N PI  4 and plots on or above “A” line. 
O PI  4 or plots below “A” line. 
P PI plots on or above “A” line. 
Q PI plots below “A” line. 
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Install line of temporary dewatering wells during 
excavation and construction

Ash Pond Side River Side

Elev.
580’

15 ft (min)
Crest Road

Remove and Replace Existing Gravel Bedding 
(6‐inches) and Riprap Slope Protection 
(18‐inch Nominal Sized Stone)

2

570’ Elev 572 ft.

10 ft (min)

El 564 ft
Excavate and construct 

bili d l f

2
1

560’
Elev 564 ft.

Chimney and base drain 
consisting of clean crushed 
stone, encapsulated both 
sides in filter fabric (1 ft

cement stabilized slope face

Existing Riprap to Remain)
sides in filter fabric (1 ft 
thick – min.)

Ash Pond Embankment Slope ‐ Typical Section 
Cement Stabilized Slope Face Remediation Option

EXHIBIT D‐1A



Install line of temporary dewatering wells during 
excavation and construction

Ash Pond Side River Side

Restore Crest Road gravel 
f i Ci il d iElev.

580’
15 ft (min)
Crest Road

R d R l E i ti G l B ddi

Provide 18‐inches (min) structural fill
above top layer of reinforcement

surfacing per Civil drawings

570’ Elev 572 ft.

El 564 ft

2 ft geogrid spacing (typ.)

Remove and Replace Existing Gravel Bedding 
(6‐inches) and Riprap Slope Protection 
(18‐inch Nominal Sized Stone)

2
1

560’
10 ft (min)

Elev 564 ft.

Tensar UX1700 
Uniaxial Geogrid

Existing Riprap to Remain)

Ash Pond Embankment Slope ‐ Typical Section 
Geogrid Reinforced – Mechanically Stabilized Slope Face 

Remediation Option

EXHIBIT D‐1B



Name: 1968 Levee      

Title: Existing Conditions - Steady State Seepage
File Name: SEEPW SECT A Existing (Steady State).gsz
Date: 11/22/2010   By: BWL

WL ELEV = 574.2 ft

WL ELEV = 561.0 ft

Pond Boundary Condition: H = 574.2 feet
River Boundary Condition: H = 561 feet
Pressure head contours
Phreatic Surface = P = 0
Ksat_x = 3.3e-6 ft/sec (isotropic, steady state)
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Rip Rap
Post 1972 Levee

Clayey Silt

Weathered Limestone

Ash

Alluvium
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Rip Rap      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 38 °     

Title: Existing Conditions - Steady State Seepage
File Name: SECT A Existing (Steady State).gsz
Date: 11/22/2010   By: BWL

WL ELEV = 574.2 ft

WL ELEV = 561.0 ft
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Name: 1968 Levee      

WL ELEV = 561 ft

Title: Existing Conditions - Steady State Seepage
File Name: SECT B SEEPW Existing (Steady State).gsz
Date: 11/22/2010   By: BWL

WL ELEV = 574.2 ft

Pond Boundary Condition: H = 574.2 feet
River Boundary Condition: H = 561 feet
Pressure head contours
Phreatic Surface = P = 0
Ksat_x = 3.3e-6 ft/sec (isotropic, steady state)

Distance
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Rip Rap

1970 Levee
1972 Levee

Weathered Limestone

Post 1972 Levee

Clayey SiltAsh
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Rip Rap      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 38 °     

WL ELEV = 561 ft

Title: Existing Conditions - Steady State Seepage
File Name: SECT B Existing (Steady State).gsz
Date: 11/22/2010   By: BWL

WL ELEV = 574.2 ft

Distance
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  0  

Name: 1968 Levee      

Pond Boundary Condition: H = 573.6 feet
River Boundary Condition: H = 561 feet
Pressure head contours
Phreatic Surface = P = 0
Ksat_x = 3.3e-6 ft/sec (isotropic, steady state)

WL ELEV = 573.6 ft

WL ELEV = 561.0 ft

Title: Existing Conditions - Steady State Seepage
File Name: SECT C SEEPW Existing (Steady State).gsz
Date: 11/16/2010   By: BWL

Distance
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

E
le

va
tio

n

500

520

540

560

580

600

bwlarsen
Typewritten Text
LEVEE CREST = 577.5 ft

bwlarsen
Typewritten Text
Exhibit D-6



Rip Rap

1970 Levee
1972 Levee

Post 1972 Levee

Clayey SiltAsh
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Rip Rap      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 38 °     

WL ELEV = 573.6 ft

WL ELEV = 561.0 ft

Title: Existing Conditions - Steady State Seepage
File Name: SECT C Existing (Steady State).gsz
Date: 11/22/2010   By: BWL
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Name: 1968 Levee      

WL ELEV = 573.1

Title: Existing Conditions - Steady State Seepage
File Name: SECT D SEEPW Existing (Steady State).gsz
Date: 11/22/2010   By: BWL

WL ELEV = 561

Pond Boundary Condition: H = 573.1 feet
River Boundary Condition: H = 561 feet
Pressure head contours
Phreatic Surface = P = 0
Ksat_x = 3.3e-6 ft/sec (isotropic, steady state)
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Rip Rap

1970 Levee
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Post 1972 Levee

Clayey SiltAsh
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1968 Levee

Alluvium

1 2 3

4
5

6

7 8

9 10

1112 13

1415

16

17

18
19

2021

222324

25

2627

28

29

30 31

 1.
40

  

 1.
40

  

 1.
50

  

 1.
50

  

 1.6
0  

 1.
60

  

 1.9
0  

1.32

Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Rip Rap      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 38 °     

WL ELEV = 573.1

Title: Existing Conditions - Steady State Seepage
File Name: SECT D Existing (Steady State).gsz
Date: 11/22/2010   By: BWL

WL ELEV = 561

Distance
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

E
le

va
tio

n

500

520

540

560

580

600

bwlarsen
Typewritten Text
LEVEE CREST = 580.0 ft

bwlarsen
Typewritten Text
Exhibit D-9



  0  

Name: 1968 Levee      

WL ELEV = 561

Title: Existing Conditions - Steady State Seepage
File Name: SECT E SEEPW Existing (Steady State).gsz
Date: 11/22/2010   By: BWL

WL ELEV = 572.6

Pond Boundary Condition: H = 572.6 feet
River Boundary Condition: H = 561 feet
Pressure head contours
Phreatic Surface = P = 0
Ksat_x = 3.3e-6 ft/sec (isotropic, steady state)
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Rip Rap      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 38 °     

WL ELEV = 561

Title: Existing Conditions - Steady State Seepage
File Name: SECT E Existing (Steady State).gsz
Date: 11/22/2010   By: BWL

WL ELEV = 572.6
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Name: 1968 Levee      

WL EL = 561 ft

Title: 10-ft Stabilized Face - Steady State Seepage
File Name: SECT A SEEPW 10ft Stabilized w 15 ft top(Steady State).gsz
Date: 11/23/2010   By: BWL

WL EL = 574.2 ft

Pond Boundary Condition: H = 574.2 feet
River Boundary Condition: H = 561 feet
Pressure Head contours
Phreatic Surface = P = 0
Ksat_x = 3.3e-6 ft/sec (isotropic, steady state)
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Clayey Silt

Weathered Limestone

Ash

Alluvium

Post 1972 Levee

Alluvium
1970 Levee
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Cement Stabilized Face      Unit Weight: 115 pcf     Cohesion: 2000 psf     Phi: 0 °     

WL EL = 561 ft

Title: 10-ft Stabilized Face - Steady State Seepage
File Name: SECT A 10ft Stabilized w 15 ft top(Steady State).gsz
Date: 11/23/2010   By: BWL

WL EL = 574.2 ft
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  0  

Name: 1968 Levee      

Pond Boundary Condition: H = 574.2 feet
River Boundary Condition: H = 561 feet
Pressure Head contours
Phreatic Surface = P = 0
Ksat_x = 3.3e-6 ft/sec (isotropic, steady state)

WL EL = 574.2 ft

WL EL = 561 ft

Title: 10-ft Stabilized Face - Steady State Seepage
File Name: SECT B SEEPW 10-ft Stabilized w 15-ft top (Steady State).gsz
Date: 11/23/2010   By: BWL
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Weathered Limestone

Clayey SiltAsh
1972 Levee

AlluviumAlluvium
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Post 1972 Levee
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Cement Stabilized      Unit Weight: 115 pcf     Cohesion: 2000 psf     Phi: 0 °     

WL EL = 574.2 ft

WL EL = 561 ft

Title: 10-ft Stabilized Face - Steady State Seepage
File Name: SECT B 10-ft Stabilized w 15-ft top (Steady State).gsz
Date: 11/23/2010   By: BWL
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Name: 1968 Levee      

WL EL = 561 ft

Title: 10-ft Stabilized Face - Steady State Seepage
File Name: SECT C SEEPW 10-ft Stabilized w 15-ft top (Steady State).gsz
Date: 11/23/2010   By: BWL

WL EL = 573.7 ft

Pond Boundary Condition: H = 573.7 feet
River Boundary Condition: H = 561 feet
Pressure Head contours
Phreatic Surface = P = 0
Ksat_x = 3.3e-6 ft/sec (isotropic, steady state)
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Clayey SiltAsh

Weathered Limestone

Alluvium

1972 Levee

Alluvium
1968 Levee1970 Levee

Post 1972 LeveeCement Stabilized
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Cement Stabilized      Unit Weight: 115 pcf     Cohesion: 2000 psf     Phi: 0 °     

WL EL = 561 ft

Title: 10-ft Stabilized Face - Steady State Seepage
File Name: SECT C 10-ft Stabilized w 15-ft top (Steady State).gsz
Date: 11/23/2010   By: BWL

WL EL = 573.7 ft
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  0  

Name: 1968 Levee      

WL EL = 573.1 ft

Title: 10-ft Stabilized Face - Steady State Seepage
File Name: SECT D SEEP W 10-ft Stabilized w 15ft top (Steady State).gsz
Date: 11/23/2010   By: BWL

WL EL = 561 ft

Pond Boundary Condition: H = 573.1 feet
River Boundary Condition: H = 561 feet
Pressure Head contours
Phreatic Surface = P = 0
Ksat_x = 3.3e-6 ft/sec (isotropic, steady state)
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Cement Stabilized      Unit Weight: 115 pcf     Cohesion: 2000 psf     Phi: 0 °     

WL EL = 573.1 ft

Title: 10-ft Stabilized Face - Steady State Seepage
File Name: SECT D 10-ft Stabilized w 15ft top (Steady State).gsz
Date: 11/23/2010   By: BWL

WL EL = 561 ft
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  0  

Name: 1968 Levee      

WL EL = 572.6 ft

Title: 10-ft Stabilized Face - Steady State Seepage
File Name: SECT E 10-ft Stabilized w top 15 ft (Steady State).gsz
Date: 11/23/2010   By: BWL

WL EL = 561 ft

Pond Boundary Condition: H = 572.6 feet
River Boundary Condition: H = 561 feet
Pressure Head contours
Phreatic Surface = P = 0
Ksat_x = 3.3e-6 ft/sec (isotropic, steady state)
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Cement Stabilized      Unit Weight: 115 pcf     Cohesion: 2000 psf     Phi: 0 °     

WL EL = 572.6 ft

Title: 10-ft Stabilized Face - Steady State Seepage
File Name: SECT E 10-ft Stabilized w top 15 ft (Steady State).gsz
Date: 11/23/2010   By: BWL

WL EL = 561 ft
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Cement Stabilized Face      Unit Weight: 115 pcf     Cohesion: 2000 psf     Phi: 0 °     

WL EL = 561 ft

Title: 10-ft Stabilized Face - Drawdown
File Name: SECT A 10ft Stabilized w 15 ft top(Drawdown).gsz
Date: 11/23/2010   By: BWL

WL EL = 574.2 ft
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Weathered Limestone
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Cement Stabilized      Unit Weight: 115 pcf     Cohesion: 2000 psf     Phi: 0 °     

WL EL = 574.2 ft

WL EL = 561 ft

Title: 10-ft Stabilized Face - Drawdown
File Name: SECT B 10-ft Stabilized w 15-ft top (Drawdown).gsz
Date: 11/23/2010   By: BWL
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Clayey SiltAsh

Weathered Limestone
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Post 1972 LeveeCement Stabilized

12

3

4

5

6

7

89

10
11

12

13 14

15 16

1718

1920

21

22

23
24

25

2627

28

29 30
 1.

40
  

 1.
50

  

 1.
60

  
 1.

70
  

 2.
00

  

 2.
00

  

1.25

Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Cement Stabilized      Unit Weight: 115 pcf     Cohesion: 2000 psf     Phi: 0 °     

WL EL = 561 ft

Title: 10-ft Stabilized Face - Drawdown
File Name: SECT C 10-ft Stabilized w 15-ft top (Drawdown).gsz
Date: 11/23/2010   By: BWL

WL EL = 573.7 ft
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Cement Stabilized      Unit Weight: 115 pcf     Cohesion: 2000 psf     Phi: 0 °     

WL EL = 573.1 ft

Title: 10-ft Stabilized Face - Drawdown
File Name: SECT D 10-ft Stabilized w 15ft top (Drawdown).gsz
Date: 11/23/2010   By: BWL

WL EL = 561 ft

Distance
0 20 40 60 80 100 120 140 160 180 200

E
le

va
tio

n

500

520

540

560

580

600

bwlarsen
Typewritten Text
LEVEE ELEV = 580.0 ft

bwlarsen
Typewritten Text
Exhibit D-25



1972 Levee
Clayey Silt

Ash

Alluvium

Weathered Limestone

Post 1972 Levee

Alluvium
1968 Levee1970 Levee

Cement Stabilized
1 2 3

4

5 6

7 8

9

1011

12

13

14

15

16

17
18

19 20

21 2223

24

25

26

27

2829

3031

32

 1.
30

  

 1.
40

  

 1.
50

  

 1.
60

  
 1.

70
  

 1.
80

  

 1.
90

  

 1.
90

  

1.25

Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Cement Stabilized      Unit Weight: 115 pcf     Cohesion: 2000 psf     Phi: 0 °     

WL EL = 572.6 ft

Title: 10-ft Stabilized Face - Drawdown
File Name: SECT E 10-ft Stabilized w top 15 ft (Drawdown).gsz
Date: 11/23/2010   By: BWL

WL EL = 561 ft
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Name: 1968 Levee      
Name: Null      

WL EL = 561 ft

Title: Temporary Excavation - Steady State Seepage
File Name: SECT C SEEPW 10-ft Stabilized w 15-ft top (Temp Exc).gsz
Date: 11/23/2010   By: BWL

WL EL = 573.7 ft

Pond Boundary Condition: H = 573.7 ft
River Boundary Condition: H = 561 ft
Pressure Head contours
Phreatic Surface = P = 0
Ksat_x = 3.3e-6 ft/sec (isotropic, steady state)
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Null      

WL EL = 561 ft

Title: Temporary Excavation - Steady State Seepage
File Name: SECT C 10-ft Stabilized w 15-ft top (Temp Exc).gsz
Date: 11/23/2010   By: BWL

WL EL = 573.7 ft
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Name: 1968 Levee      
Name: Null      

WL EL = 561 ft

Title: Temporary Excavation - Well Drawdown
File Name: SECT C SEEPW 10-ft Stabilized w 15-ft top (Temp Exc-Well Drawdown).gsz
Date: 11/23/2010   By: BWL

WL EL = 573.7 ft

Pond Boundary Condition: H = 573.7 feet
River Boundary Condition: H = 561 feet
Well Line Boundary Conditions: H = 565 feet
Pressure Head contours
Phreatic Surface = P = 0
Ksat_x = 3.3e-6 ft/sec (isotropic, steady state)

Well Line
H = 565 ft
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Weathered Limestone
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Null      

WL EL = 561 ft

Title: Temporary Excavation - Well Drawdown
File Name: SECT C 10-ft Stabilized w 15-ft top (Temp Exc-Well Drawdown).gsz
Date: 11/23/2010   By: BWL

WL EL = 573.7 ft

Well Line
H = 565 ft
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Weathered Limestone
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Post 1972 Levee
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Cement Stabilized Face      Unit Weight: 115 pcf     Cohesion: 2000 psf     Phi: 0 °     

WL EL = 561 ft

Title: 10-ft Stabilized Face - Steady State Seepage
File Name: SECT A 10ft Stabilized w 15 ft top(Steady State Seismic).gsz
Date: 1/11/2011   By: BWL

WL EL = 574.2 ft

Horz Seismic Load: 0.0342
Vert Seismic Load: 0.0228

Distance

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

E
le

va
tio

n

500

520

540

560

580

600

smlevorson
Typewritten Text
Exhibit H-3



Weathered Limestone
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Cement Stabilized      Unit Weight: 115 pcf     Cohesion: 2000 psf     Phi: 0 °     

WL EL = 574.2 ft

WL EL = 561 ft

Title: 10-ft Stabilized Face - Steady State Seepage
File Name: SECT B 10-ft Stabilized w 15-ft top (Steady State Seismic).gsz
Date: 1/11/2011   By: BWL

Horz Seismic Load: 0.0342
Vert Seismic Load: 0.0228
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Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Cement Stabilized      Unit Weight: 115 pcf     Cohesion: 2000 psf     Phi: 0 °     

WL EL = 561 ft

Title: 10-ft Stabilized Face - Steady State Seepage
File Name: SECT C 10-ft Stabilized w 15-ft top (Steady State Seismic).gsz
Date: 1/11/2011   By: BWL

WL EL = 573.7 ft

Horz Seismic Load: 0.0342
Vert Seismic Load: 0.0228
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1.37

Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Cement Stabilized      Unit Weight: 115 pcf     Cohesion: 2000 psf     Phi: 0 °     

WL EL = 573.1 ft

Title: 10-ft Stabilized Face - Steady State Seepage
File Name: SECT D 10-ft Stabilized w 15ft top (Steady State Seismic).gsz
Date: 1/11/2011   By: BWL

WL EL = 561 ft

Horz Seismic Load: 0.0342
Vert Seismic Load: 0.0228
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1.28

Name: 1968 Levee      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 38 °     
Name: 1970 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Weathered Limestone      Unit Weight: 135 pcf     Cohesion: 0 psf     Phi: 40 °     
Name: 1972 Levee      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Post 1972 Levee      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Clayey Silt      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Ash      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: Alluvium      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Cement Stabilized      Unit Weight: 115 pcf     Cohesion: 2000 psf     Phi: 0 °     

WL EL = 572.6 ft

Title: 10-ft Stabilized Face - Steady State Seepage
File Name: SECT E 10-ft Stabilized w top 15 ft (Steady State).gsz
Date: 1/11/2011   By: BWL

WL EL = 561 ft

Horz Seismic Load: 0.0342
Vert Seismic Load: 0.0228
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4299 NW Urbandale Drive 
Urbandale, Iowa 50322 
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June 3, 2011 

Delivered via E-Mail 
 
Mr. Stephen Hoffman 
U.S. Environmental Protection Agency 
Two Potomac Yard 
2733 South Crystal Drive 
5th Floor, N-5237 
Arlington, Virginia  22202-2733 
 

Re: Comments to Draft Coal Combustion Waste Impoundment Round 7 Dam 
Assessment Report for Riverside Generating Station (Site #15 ) 

 
Dear Mr. Hoffman: 
 
MidAmerican Energy Company (“MidAmerican”) appreciates the opportunity to review the 
Draft Final Dam Assessment Report for the Riverside Generating Station (“final assessment 
report”) and provide comments prior to the report’s finalization. It should be noted that on March 
4, 2011, MidAmerican provided comments to the original Draft Dam Assessment Report for the 
Riverside Generating Station (“original assessment report”). MidAmerican incorporates those 
comments and related attachments by reference.   

 

North Surface Impoundment 

The final draft report provides an assessment of “Fair” for the North Surface Impoundment. It 
was recommended that MidAmerican perform maintenance on the North Surface Impoundment 
embankments to remove any thick, woody-stemmed vegetation, dense brush and trees covering 
the upstream and downstream slope. Since the on-site inspection was conducted in September 
2010, MidAmerican has implemented those recommendations. MidAmerican also plans on 
establishing a grassed condition on the embankments over the spring and summer of this year. 
As a result, MidAmerican respectfully requests that the ranking for the North Surface 
Impoundment be changed to “Satisfactory” in the final report. The photographs supporting this 
request are provided below. 
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Crest and Upstream/Inside Slope of North Surface Impoundment 

  

   September 2010                     May 2011 

 

Crest and Downstream/Outside Slope of North Surface Impoundment 

  

September 2010     May 2011 

 

South Surface Impoundment 

The current final draft report provides an assessment of “Fair” for the South Surface 
Impoundment. MidAmerican agrees with this assessment. However, as indicated in comments to 
the previous draft report, MidAmerican is in the initial stages of a levee improvement project that 
will increase the embankment’s factor to safety. See MidAmerican’s comments to the original 
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assessment reports and attachments F, G, and H. The levee improvement project will be 
completed this year. 

As noted in the final assessment report, Terracon’s original design incorrectly anticipated a 
minimum factor of safety of 1.4 for levees. See Attachment F to MidAmerican’s comments 
submitted March 4, 2011. However, it is MidAmerican’s intention that the reconstructed 
embankment will meet or exceed the required minimum safety standards for dams.  
MidAmerican intends to conduct further geotechnical analysis of the South Surface 
Impoundment embankment to better characterize the geometry and strength characteristics of the 
materials.  If necessary, MidAmerican will revise the reconstruction plans to ensure that the 
embankment meets the required minimum factor of safety for dams. Once the levee 
improvement project is complete, MidAmerican will notify EPA and request that the ranking be 
changed to “Satisfactory.” 

Additional Comments 

Section 7.1.5:  Terracon’s liquefaction analysis is included as Attachment A. The Terracon 
report indicates that the soils are not susceptible to liquefaction.   

Photographs:  Eight of the 70 photographs included in the final assessment report show the 
Riverside Generating Station in the background. The subject photographs are outlined in the 
table below. Consistent with previous requests, the plant images should be redacted from these 
photographs prior to public distribution of the report. Additionally, MidAmerican has included 
two supplemental photographs of the North Surface Impoundment in the comments taken in May 
2011. The photograph of the upstream/inside slope of North Surface Impoundment contains an 
image of the plant. That image should also be redacted.  

Photo Page 

25 238 

26 239 

31 244 

36 249 

48 261 

49 262 

50 263 

52 265 
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Again, MidAmerican appreciates the opportunity to review and provide its comments on the 
Draft Final Surface Impoundment report for the Riverside Generating Station. If you have any 
questions or require additional information, please don’t hesitate to contact me. 
 
 
        Sincerely, 
 
 
         
         

Kevin D. Dodson 
        Director – Environmental Programs, 

Compliance and Permitting 
Phone: 515-281-2692 
kddodson@midamerican.com 

 
 
Attachment 
 
cc: Jana Englander – U.S. EPA 
 Dave Ulozas 
 Dave Maystrick 
 Doug Haiston 
 Dave Webb 
 Jenny McIvor 
 Jess Vilsack 
 Peg Roy 
 
 
 

mailto:kddodson@midamerican.com

































	Appendix A - Riverside Documents
	Appendix A - Riverside Documents.pdf
	Appendix A - Riverside Documents.pdf
	DOC019.PDF.pdf
	DOC020
	DOC031
	DOC032

	Attachment F - Terracon Riverside final report 12 7 2010
	02105081G APPX 12-07-10.pdf
	GEO07105081-1
	Logs from 07105081 SUPPLEMENTAL REPORT
	02105081G Appx B Lab.pdf
	02105081G Triaxial CU B8-5.0.15 percent
	02105081G HydroALPlot B8&B9-COMP-15.0
	02105081G Triaxial CU B8&B9-COMP-15.0.15 percent
	02105081G Triaxial CU B10-COMP-13.0.15 percent
	lab data.B.11.5

	02105081G Appx C Supporting Docs.pdf
	02105081G Appx C Plans1
	112510-5_Riverside South Pond 1of2
	112510-5_Riverside South Pond 2of2
	2001 Plans of Remediation of riverside ash pond river levee

	MWH Boring Plan
	MWH Boring Logs

	02105081G Appx D.pdf
	Appendix D1 Results
	Appendix D2 Results
	Appendix D3 Results
	Appendix D4 Results



	Attachment G - Riverside Levee Improvments hgm 112510A Prelim Plans 1-7-11
	112510A_A.01.pdf
	112510A_B.01
	112510A_D.01
	112510A_D.02
	112510A_X.01
	112510A_X.02
	112510A_X.03
	112510A_X.04
	112510A_X.05
	112510A_X.06
	112510A_X.07
	112510A_X.08
	112510A_X.09
	112510A_X.10

	Attachment G - Riverside Levee Improvments hgm 112510A Updated Plans 2-25-11
	112510A_A.01.pdf
	112510A_A.02
	112510A_B.01
	112510A_D.01
	112510A_D.02
	112510A_D.03
	112510A_E.01
	112510A_E.02
	112510A_X.01
	112510A_X.02
	112510A_X.03
	112510A_X.04
	112510A_X.05
	112510A_X.06
	112510A_X.07
	112510A_X.08
	112510A_X.09
	112510A_X.10

	Attachment H - RGS Levee Project Permits
	Attachment J - RGS Seismic Addendum
	Addendum 1 Appx.pdf
	mec usgs
	ADD1 SECT A Remedial (Seismic)
	ADD1 SECT B Remedial (Seismic)
	ADD1 SECT C Remedial (Seismic)
	ADD1 SECT D Remedial (Seismic)
	ADD1 SECT E Remedial (Seismic)



	MEC Comments on RGS Draft EPA Dam Assessment Report
	Dear Mr. Hoffman:


	Appendix B - Riverside Field Checklists
	2010.09.14 - Riverside North Pond Checklist Form.PDF.pdf
	2010.09.14 - Riverside South Pond Checklist Form




